
PPT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

M~ V/ x international Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THB PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07H 19/14, 19/23, A61K 31/70 



Al 



(11) International Publication Number: WO 96740705 

(43) International Publication Date: 19 December 1996 (19.12.96) 



o 



(21) International Application Number: PCT/US96/ 10404 

(22) International Filing Date: 7 June 1996 (07.06.96) 



(30) Priority Data: 
08/486,161 



7 June 1995 (07.06.95) 



US 



(71) Applicant: CENSIA INC. [US/US]; 9360 Town Centre, San 
liieg6, CA 92121 (US). 

(72) Inventors: BOYER, Serge, R; 7285 CJiarmant Drive #221, San 
Diego, CA 92122 (US). ERION. Mark. D.; 13455 Mango 
Drive, Del Mar, CA 92014 (US). UGARKAR, Bheeiharao, 
G4 3821 Azalea (Hen, Escondido, GA 92025 <US)r 

(74) Agents: SCHAFFER, Robert et aL. Darby & Darby P.C, 805 
Third Avenue* New York, NY 10022 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BO. BR, BY, 
CA, CH. CN, CZi DEi DK, EE, ES, FI, GB, GB, HU; IL» 
IS, jP. KE. kG. KP. KR, KZ;LK,LR; LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, Pt, RO, RU, 
SD, SE, SG.St SK, t J, TM, TR, TT, UA, UG, UZ, VN. 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DEi DK; ES, FI, FR, GB, GR, IE, IT, LU. 
M<£NL,PT, SE), OAPI patent (BF, BJ, CF, CG, Q. CM. 
GA, GN, ML, MR, NE, SN, TO, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: C-4* MODIFIED ADENOSINE KINASE INHIBITORS 
(57) Abstract 

This invention relates to adenosine kinase inhibitors and to nucleoside analogs, C-4* modified pyniolo[2,3-d] P^ idine 
pyrazolo[3,4-d] pyrimidine nucleoside analogs having activity as adenosine kinase inhibitors. The invention relates to nucleosia> 
c^Tldnd. havmgrero substitutions or two substitutions at the C^4' position of the furanose (sugar) moiety. The invention akore^es to 
die preparation and use of these adenosine kinase inhibitors in the treatment of cardiovascular, and cerebrovascular diseases, inflammauon 
and other diseases which can be regulated by increasing the local concentration of adenosine. 



) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCX 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


C6te d'lvolre 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spam 


FI 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages < 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Baly 


JP 


Japan 


KE 


Kenya 


KG 


Kyxgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 




LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MB- 


Republic of Moldova 


MG 


Madagascar 


ML 


Mall 


MN 


Mongolia 


MR 





:■ pamphlets publishing international 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tapldstan 


XT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


VZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/40705 




PCI7US96/10404 



• ■ THis invention rotates; to adenbsihe fci na^e inhibitors and to 
nucleoside analogs, C-4' modified pyrrolo[2,3-d]p^^ 

pyrim^ activity as a^ kinase ihhibito rs . 

5 The invention relates to nucleoside analogs of this; kind, haying zero 
substitutions or two substitutions at the C-4' position of the furanose (sugar) 
moiety The invention also relates to the preparation and use Of these adenosine 
kinase inhibitors in the treatment of cardiovascular, and cerebrovascular 
diseases, inflammation and other diseases which can be regulated by increasing 
10 the local concentration of adenosine. 

This application is a continuation in pa^ 
filed December 23, 1991 , which is a contjhuatidh^h-part^^^ of Serial No. 
07/647,1 17, filed January 23, 1991, which is a contihuation-inrpart of Serial 
No. 466,979/ filed January 18, 1990; which is a cpntihuation-in-part of Serial 
15 No. 408,707, filed September 1 5, 1 989. This application is also a continuation- 
in-part of Serial No. 08/1 91 ;282. The disclosures of these applications are 
incorporated herein by reference. 
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BACKGROUND OF THE INVENTION 
Adenosine is an endogenously produced molecule that plays a major 
role in a variety of important cellular processes. It is a vasodilator, can Inhibit 
immune function, enhance activation of mast cells (associated with allergic 
5 reactions), inhibit neutrophil 0x3^ is antiarrhythmic, and is 

an inhibitory neurotransmitter. Adenosine is phosphorylated to adenosine 
triphosphate (ATP) which is used by all cells to store energy for use in future energy- 
utilizing metabolic reactions or mechanical work (e g. muscle contraction). 
Extracellular adenosine, frequently prouced by bre^pwn of intracellular ATP pools, 

10 evokes a variety of pharmacological responses through ac^ivatio^ extracellular 
adenosine receptors located on the surface of nearly all cells. For example, 
adenosine produces a variety of cardiovascular related effects including vasodilation, 
inhibition of platelet aggregation, and negative inotropic, chronotropic and domotropic 
effects on the heart. Adenosine also has effects within the central nervous system 

1 5 (CNS) including inhibition of neurotransmitter release from presynaptic neurons and 
inhibition of post-synaptic neuron firing in brain and the spinal cord and at sites of 
inflammation, such as inhibition of neutrophil adhesion to endothelial cells and 
inhibition of neutrophil oxygen free^adical production. 

Compounds that increase extracellular adenosine can be beneficial to 

20 living organisms, particularly under certain conditions. For example, compounds that 
increase adenosine levels have been associated with the treatment of ischemic 
conditions such as stroke, as well as other conditions benefitted by enhanced 
adenosine levels, such as inflammation, arthritis, seizures, epilepsy and other 
neurological conditions. The compounds are also useful for treating pain, as muscle 

25 relaxants, and for inducing sleep. 

Adenosine kinase is a cytosolic enzyme which catalyzes the 
phosphorylation of adenosine to AMP. Inhibition of adenosine kinase can potentially 
reduce the ability of the cell to utilize adenosine, leading to increased adenosine 
outside of the cell where it is pharmacologically active. However, the regulation of 

30 adenosine concentration is complex and involves other aderiosine-metabolizing 
enzymes each with different kinetic properties and mechanisms of regulation. 
Adenosine can also be deaminated to inosine by adenosine deaminase (ADA) and 
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condensed with L-homocysteine to S^denosylhdmocysteine (SAH) by SAH 
hydrolase. The role of each of these enzymes in modulating adenosine 
concentration is dependent on the prevailing physiological conditions, is tissue 
specific and is not well understood; 
5 A number of nucleosides including pyrrolo[2^3-d]pyrimidine and 

pyrazo!d[3,4-d]pyrimidine analogs have been evaluated for inhibition of adenosine 
kinase but were reported to have Kj's of greater than 800 tM. Caldwell and 
Henderson, Qancef ChemQther, Rep,, 2:237-46(1971); Miller et al., J. Biol. Chem.. 
2^:23^ 

10 adenosine kinase with K,'s of less than 100 nM. These are the purine nucleosides, 
5'-amino-5'-deoxyadenosine (Miller et al.) and 1,12-bis(adenosin-ti $ -yl)dodecane 
(Pi^cott fetal.. Nucleosides & Nucleotides, 8:297 (1989)); and the pyrrolopyrimidine 
hud^sid^ et al;; Cancer Gh^mo 

15 Dayfe^^ :; : 35&Q^ 5^eoxy^5- 

29(1986)). 

Some of these have been used to evaluate whether 

adenosine Kinase inhibition might lead to increased extracellu lar adenos ine 

20 concentrations. In rat c^rdiomyocytes, inhibition of adenosine deaminase by 2'- 
debxypofdrmydn was reported to have no effect on adenosine release from the cells. 
In corrtrast; irihibitibh of ADA together with adenosine kinase by S'-amino-S 1 - 
dedxyadenosine resulted in a 6-fold increase in adenosine release, Zbref-Shani et 
air, J. MqIj CelL Cardiol . 20:23r33 (1988). The effects of the adenosine kinase 

25 inhibitor alone were rot reported. Similar results were reported in isolated guinea pig 
• hearts; in these studies addition of S'-amino-S'-deoxyadenosine to the perfusion 
medium, in the presence of EHNA to inhibit deaminatibn, was reported to result in a 
15-fold increase of adenosine release. Schrader in Regulatory Function of 
Adenosine: (Berne et al.) eds. pp. 133-156 (1983). These effects were not apparent 

30 in the absence of ADA inhibition, and other studies using isolated rat hearts perfused 
with 5-iodotubercidin alone, have reported no increase in perfusate adenosine 
concentration under normoxic conditions Newby et al., Blochem. J.. 214:317-323 
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(1983), or under hypoxic, anoxic or isdiemic conditions, Achtenberg et al. , Biochem. 
»L 235:13-17 (1986), In other studies, adenosine release has been measured in 
neuroblastoma cells in culture and compared with that of a variant deficient in 
adenosine kinase (AK).- The AK cells used in this study were said to release 
5 adenosine at an accelerated rate; the concentration of adenosine in the growth 
medium was reported to be elevated compared to the normal cells. Green, ^ 
Supramol. Structure. 13:176-182 (1980). In rat and guinea pig brain slices, 
adenosine uptake was reportedly inhibited by the adenosine kinase inhibitors, 5- 
iodotubercidin and ff-deoxy-S-iodotubercidin. Davis et al.. Biochem. Pharmacol.. 

1 0 33:347-55 (1 984), However, inhibition of uptake and intracellular tfap^ 

phosphorylation does not necessarily result in increased extracellular adenosine, 
since the adenosine could enter other metabolic pathways or the percentage of 
adenosine being phosphorylated could be insignificant <ximpa 
adenosine removed. ; 

15 The effects of adenosine and certain inhibitors of adenosine cataboljsm, 

including 5-iodotubercidin were evaluated in an experimental model in which dog 
hearts were subjected to ischemia and reperfusion; 5-iCKiota^ reported to 

have inconsistent effects. Wu, et aL Cvtobios. 50:7-12 (1987). 

Although the adenosine kinase inhibitors, ff-amino-S'-deoxyadenosine 

20 and 5-iodotubercidin have been widely used in experimental models, the 
susceptibility of ff-amino-S'-deoxyadenosine to deamination, and hence its potentially 
short half life, and the cytotoxicity of 5-iodotubercidin make their clinical utility limited 
and may limit interpretations based on these compounds. The known pyrroI6[2,3- 
d]pyrimidines, 5-iodotubercidin and S'-deoxy-S-iodotubercidin have been reported to 

25 cause pronounced general flaccidity and much-reduced spontaneous locortiptbr 
activity in mice, interpreted to be skeletal muscle relaxation; to cause hypothermia 
in mice; and to decrease blood pressure and heart rate in anesthetized rats. Daves 
et aL, Biochem. Pharmacol. . 33:347-55 (1984) and 35:3021-29 (1986); and U.S. 
Patent No. 4,455,420). The skeletal muscle effects of these compounds have been 

30 poorly documented, while the other effects were considered significant toxicities. 
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More recent references concerned with the mechanisms and effects of 
adenosine kinase inhibitors are Keil et aL, Life Sciences 51: 1 71 -76 (1 992); Zhanget 
al, J.Phaniiacol Expert 53: 
4Q7-5Q2 (1993)- Sci6tti et al, J. Gferebral Blood Flow Met^i. 13:201^207 (1993): Pak 

5 et ai, Sog. for Neurosdence Abs . 20: 149,2 (1994); White; Soc P Neuroscl. Abs. , 
20:308.9 (1994); arid Firestein et al.. J. Immunoloov 154:326^34 (19951. These 
publications in general show that adenosine kinase inhibitors, as a class, have a role 
in brain functions, and show promise in connection with the treatment of neurological 
conditions such as seizures. Ohe referertce* Phillis et ah , indirates that the known 

10 id 

isdiemic cere injury. Keil et al: disclose that adenosine kinase plays a key role 
in the mediation of neh/ous sy^erti responses to vstimulus, jjarticularfy pain 
(ahtihociception), but notes that the contrblof ^ 
by si^: me^n$ is 

15 

klniase iHhitiitore wi^ 

beneficially influence or control endogenous adenosine kinase activity, and therefore, 
a^acijiul^r adenosine levelsl 1^ 
adenosine kihaise inhibitor 

20 SUMMARY OF THE INVENTION 

The invention 16 directed to hovel pyrr6l6[2,3-d] pyrimidine or 
pyrazblb[3,4^dl pyrimidine nucleoside analogs having activity as adenosine kinase 
inhibitors, wherein the f uranose moiety has zero substituents or two substituents at 
the C-4' position. Preferred substitutents are hydroxymethyl, aminomethyl, and 

25 methyl. Most preferred are compounds where both substituents are the same, but 
are not both methyl, or both substituents form a small ring, such as cyclopropyl In 
addition to the furanose moiety, additional asymmetric carbons may be present in 
compounds of the present invention, for example in the substituted heterocyclic 
pyrrolo[2,3-d] pyrimidine or pyrazolo[3,4-d]pyrimidine ring, All of the resulting 

30 isomers, enantiomers, and diastereomers are considered to fall within the scope of 
the present invention. 
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These compounds are selective adenosine kinase inhibitors with 
potencies comparable to or significantly higher than other known adenosine kinase 
inhibitors. The compounds are also nontoxic, particularly in connection with liver 
function. The invention concerns the compounds themselves, the preparation of 
5 these compounds, and thetoYiiESandto vjyo adenosine kinase inhibition activity of 
these compounds. Another aspect of the invention is directed to the clinical use of 
the compounds to increase adenosine concentrations in biological systems. For 
example, & jdys inhibition of adenosine kinase prevents phosphorylation of 
adenosine resulting in higher local concentrations of endogenous adenosine. 
10 The compounds of the invention possess advantages for 

pharmaceutical use such as enhanced pharmacological selectivity, efficacy, 
bioavailability, ease of manufacture and compound stability. 

The compounds of the invention may be used clinically to treat medical 
conditions where an increased localized adenosine concentration is beneficial. 
15 Accordingly, the invention is directed to the treatment of ischemic conditions such as 
stroke, as well as other conditions benefitted by enhanced adenosine levels, such as 
inflammation, arthritis, seizures, epilepsy and other neurological conditions. The 
compounds are also useful for treating pain, as muscle relaxants, and for inducing 
sleep. 

20 The invention is also directed to prodrugs and pharmaceutically 

acceptable salts of the compounds described, and to pharmaceutical compositions 
suitable for different routes of drug administration and which comprise a 
therapeutically effective amount of a described compound admixed with a 
pharmacologically acceptable carrier. 
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Definitions 

The following terms generally have the following meanings. 

The term "aryr refers to aromatic groups, which have at least one ring 
having a conjugated pi electron system, including for e^xample carbocyclic aryl, 
heterocyclic aryl and biaryl groups, all of which may be optionally substituted. 
Carbocyclic aryl groups are groups wherein all the ring atoms on the aromatic ring 
are carbon atoms, such as phenyl. Also included are optionally substituted phenyl 
grt^ 

prf fej^bj^ 

perhalo lower alkyl, lower acylamino, lower alkoxycarbonyl, amino, alkylamino, 
cai^ ^ su fuse&with afivfe or 

sbc nrieil^ or more 

heteroat^s;^ 

Heterocyclic aryl groups are groups having from 1 to 4 heteroatoms as 
ringatdms in the aromatic ring and the remainder of the ring atoms carbon atoms. 
Suitable heteroatoms include oxygen, sulfur, and nitrogen, and include furanyl, 
thienyl, pyridyl, pyrrdlyl, pyrimidyl^ pyrazinyl, imidiazolyl, and the like, all optionally 
substituted. 

Optionally substituted furanyl represents 2 r or 3-furanyl or 2- or 3- 
furanyl preferably substituted by lower altyl or halogen Optionally substituted pyridyl 
represents 2-, 3- or 4-pyridyl or 2-, 3- or 4-pyridyl preferably substituted by lower alkyl 
or halogen. Optionally substituted thienyl represents 2- or 34hienyl, : or 2- or 3-thienyl 
preferably substituted by lew 

The term 'toiaryP- represents phenyl substituted by carbocyclic aryl or 
heterocyclic aryl as defined herein. or^o, meta or para to the point of attachment of 
the phenyl ring* advantageously para; biaryl is also represented as the -C 6 H 4 -Ar 
substituent where Ar is aryl. 

The term "aralkyr refers to an alkyl group substituted with an aryl 
group. Suitable aralkyl groups include benzyl, picolyl, and the like, and may be 
optionally substituted. 
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The term "lower" referred to herein in connection with organic radicals 
or compounds respectively defines such with up to and including 7, preferably up to 
and including 4 and advantageously one or two carbon atoms- Such groups may be 
straight c^ain or branched. 

The terms (a) "alkyl amino", (b) ,f arylamiho M ; and (c) ,, aralkylamino ,, l 
respectively, refer to the groups -NRR 1 wherein respectively, (a) R is alkyl and R' is 
hydrogen, aryl or alkyl; (b) R is aryl and R' is hydrogen or aryl, and (c) R is aralkyl 
and R' is hydrogen or aralkyl; 

The term "acyiamino" refers to RC(0)NR\ 

The term ,, carbonyl" refers to -C(O)-. 

The term "acyl" refers to RC(O)- where R is alkyl, aryl, aralkyl, or 

alkenyl. 

The term "carboxamide" or ,, carboxamido M refers to -GONR 2 wherein 
each R is independently hydrogen, lower alkyl or lower aryL 

The term "alky!" refers to saturated aliphatic groups including 
straight-chain, branched chain and cyclic groups, optionally containing one or more 
heteroatoms. 

The term "alkeny!" refers to unsaturated alkyl groups which containat 
least one carbon-carbon double bond and includes straight-chain, branched or cyclic 
groups, optionally containing one or more heteroatoms such as oxygen, sulfur, or 
nitrogen. 

The term "alkynyl" refers to unsaturated alkyl groups which contain at 
least one carbon-carbon triple bond and includes straight chain, branched, or cyclic 
groups, optionally containing one or more heteroatoms such as oxygen, sulfur, or 
nitrogen. 

The term "3011^0" refers to -C(NH)NH 2 
The term "amidoximo" refers to -C(NOH)NH 2 . 
The term "guanidino" refers to -NR 1 CN(R 2 )NR 3 R 4 where R 1( R 2 , R 3 and 
are independently hydrogen, alkyl or aryl groups. 

The term "aminoguanidino* refers to the group -NR 1 NR 2 CN(R 3 )NR 4 R 5 
where R 1t R2, R3, R 4 and Rg are independently hydrogen, alkyl or aryl groups. 
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The term a ureidcf refers to the ^ R 2 and 

1^ are independently hydipge^ 

the term °cartK>xy!ic acid" refers tothe group rCQf H. 

Th4 term ■a^lguanidirtcf refers to 
where R 1t R 2t R 3 and R4 are independently hydrogen; alkyl or aryl groups; 

The tem ,, merGiapto , Vrefere to SH or a tautomeric fpirn thereof 

saturated aliphatic radical. 

Yheterm'sufo 

-alkyl,. 

Th6 term e N-sulfbnyl amine" means -NHSO^R where R is fluoro, lower 

p^tio^ 

v-? : ;3^ °IS|-ac^lafed sulfon 

whei^ 

alkyl amine and implies a compound whose c»njugated add in aqueous solution has 
apl^inthera^ 

The temi •^rod^' refers to any compound that may have less intrinsic 
activity than the "dm but when administered to a biological system generates the 
"drug" substance either as a result of spontaneous chemjbal fea&ion br by enzyme 
catalyzed or metabolic reaction Reference is made to various prodrugs such as acyl 
esters, carbonates, and urethanes, included herein as examples. The groups 
illustrated are exemplary, not exhaustive and one skilled in the art could prepare 
other known varieties of prodrugs. Such prodrugs fall within the scope of the 
Invention. 

The term Vpharmaceutically acceptable salt" includes salts of 
compounds described herein derived from the combination of a compound of this 
invention and an organic or inorganic acid. The compounds of the present invention 
are useful in both free base and salt form. A water solubilizing group is a group that 
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increases the solubility of an inhibitor by a factor of at least 10 and preferably at least 
100 at pH values suitable for intravenous administration (pH 4 to pH 10). In practice 
the use of salt form amounts to use of base form; both forms are within the scope of 
the present invention. 

The term treatment includes prophylactic or therapeutic administration 
of compounds of the invention, for the cure or amelioration of disease or symptoms 
associated with disease, and includes any benefit obtained or derived from the 
administration of the described compounds. V 
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The invention relates to C^'-modified pyrTOIo[2 f 3^]pyrimidine and 
pyrazolo[3 t 4^pynmidinie nucleoside analogs of Formula % having activity as 
adenosine kinase inhibitors. 




• . FORMULA 1 

wherein: 

A and B are both hydrogen, or are each irid^pe^ 
(CHjJnQ, where n is from 1 to 4 arid 0 is hydr^g^n^ hyd 

azidp, or halogen; or A and B together form a ring of from 3 to 6 carbons, the ring 
1 0 containing 0 to 3 heterbatoms selected from oxyjjeh arid niti^gen and optionally 
substituted by Q as defined ai?bye; 

D is halogen, aryl, aralkyl, alkyl, alkenyl, alkynyl optionally containing qne or 
more heteroatortis sutih as nitrogen, qkyg^ ^aro^ror 
c^it)oxamidb; 

15 E is nothing when Y is nitrogen; and is hydrogen; halogen, or alkyl when Y is 

carbon; 

F is alkyl, aryl, aralkyl, halogen, amino, alkylamino, arylamlno, aralkylamino, 
alkoxy, aryloxy, aralkyloxy^ alkylthio, arylthio, aralkylthio; 

G is hydrogen or halogen; 
20 Y is carbon or nitrogen; 

Z, and Zg are independently hydrogen, acyl, or taken together form a cyclic 
carbonate; and pharmaceutical^ acceptable salts thereof. 
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Preferably, A and B are the same, but are not both methyl, and most 
preferably are hydrogen or (CH 2 )„Q where n is 1 and Q is hydroxy, or amino. Also 
prefered are compounds where A and B form a ring of from 3 to 4 carbons having 0 
or 1 heteroatoms. Where A and B are not the same, they are each chosen from the 
group consisting of methyl, CH 2 OH, C4 OCH and eg N£ . 2 is preferably 
hydrogen, or in prodrug form is preferably acyl or carbonate ester. 

D is preferably halogen, heterocyclic aryl, phenyl or substituted phenyl; 

E is nothing when Y Is nitrogen and is preferably hydrogen when Y is 

carbon; 

G is preferably hydrogen; and 

F is halogen, amino, arylamino, or heterocyclic arylamino, most 
preferably phenylamino or substituted phenylamino. Preferred substitutions are 
halogen, alkyl, alkoxy, or alkylamino or other groups containing a basic or acidic 
functionality that improves water solubility. The most preferred substitution is at the 
para position of phenylamino. For example, prefered compounds of the invention 
include those where F is phenylamino, substituted at the para position with halogen 
(e.g. fluorine) or a Water-solubilizing group. 

Exemplary substitutions of the arylamino or phenylamino (Group F) 
which improve water solubility have the formula (CH^T where r is from 0 to 3 and 
T is analkyl chain of 0 to 16 carbon atoms containing one or more nitrogen atoms, 
N-suifonylated amino, admidoximo, N-aminoguanidino, amidino, guanidino, acyl 
guanidino, cyclic derivative of amidino, guanidino, or aminoguanidinb, a heterocyclic 
aryl group, or a 5 or6 membered alicyclic ring containing at least one basic nitrogen 
and optionally one or more oxygen atoms, and optionally substituted by CONW, 
where each V is independently an alkyl chain, at least one of which contains one or 
more basic nitrogen atoms, and optionally oxygen atoms, or V and V together form 
a six-membered ring containing at least one basic nitrogen and optionally one or 
more oxygen atoms. Additionally the water solubilizing groups T can be an anionic 
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group such as sulfonic acid, carboxylic acid, squaric acid derivatives, 54etrazolyl and 
other bioisosteric replacements of a carboxylic add group such as, but not limited 
to, those described in Carini et al, (J; Med. Chem 34, 2525 (1991)) and references 
cited therein Similar substitutions can also be made at Group D to improve water 
solubility. 

It will be understood that compounds according to the invention, when 
made according to the methods set forth below, or by other methods, may be 
provided: to 

reaction mixture, however; bdth fqr^ 

scpF>e ;6f thisjap 
hytirt^ 



n 



15 The compounds of the invention «can be made by several reaction 

schemes: Exemplary synthetic routes are given below. 

the synthesis of compounds of the present invention can be viewed as 

consisting of the following steps: (A) preparation of the carbohydrate 2, (B) 

preparation of the heterocycle 3, (C) coupling of the carbohydrate and the 
20 heterocycle to provide a protected intermediate 4, (D) modification of substituents on 

the heterocycle and carbohydrate; and (E) removal of the protecting groups 

(Scheme 1). Each step is discussed below. 

- ^ 

D I D 



H 




A' 

p,o y OP 2 




P,J OP 2 



2 



3 4 
SCHEME 1 



1 
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(A) PREPARATION OF THE GARRQHYDRATF 

Substituted carbohydrates of formula 2 are used for the synthesis of 
compounds of Formula 1, where A and B are both hydrogen or chosen independently 
from methyl, azidomethyl, aminomethyl, alkylaminomethyl, alkoxymethyl, 
5 hydroxymethyl or alkylthiomethyl. The formula 2 carbohydrates are made from the 
known methyl 2,3-O-methylethylidenefuranoside 5 (Scheme 2). See, Leonard N. J. 
et al J. Heterocyd. Chem. 3, 485 (1966). The 5-alkoxy group is introduced to 6, to 
make 6, by the method of Snyder J. R. et el Carbohydr. Res. 163, 169 (1987). The 
5-deoxy, azido, amino, alkylamino, alkylthio and alternatively alkoxy carbohydrates 
10 are made by first transforming the 5-hydroxy into a leaving group L, preferably 
mesylate, tosylate, trifluoromethanesurfonate or halide. Treatment of 7 with a 
nucleophile, e.g. hydride, alkylamine, dialkylamine, alkymercaptan, alcohol or other 
precursors of amines such as azides or protected amines provides intermediates of 
formula 8. The isopropylidene is then replaced for less reactive protecting groups, 
16 preferably benzyl, according to methods well known to those skilled in the art. For 
example, Greene T. W., Protective Groups in Organic Chemistry, John Wiley & Sons, 
. New York (1981). '. 
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Carbohydrates for compounds of Formula 1 where A is hydroxymethyl 
20 are made by the method of Barker R. et al. J. Org. Chem. 26, 4605 (1 961), to give 
compounds of formula 9 where A' is preferably benzyl protected hydroxymethyl. 
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The carbohydrate of Formula 2 is preferably j^par0d>^y the method 
illustrated in Scheme 3. Treatment of methyl glycoside 9 with a: thiol or a dithidl, 
preferably 1,3-propanedithiol, in the presence of an acid or a Lewis aci d, preferably 
boron trifluoride-diethyletherate, gives dithioacetal 10. Oxidation of the generated 
alcohol using well described methods and reagents, e.g pyndinium dichromate, 
pyridinium chlorochrbmate, Moffet cogdation, sulfur trioxide-pyridine, preferably Swam 
d&d^bfy^ 

preferably organblithium, stereoselective!;/ prbvidfes tertiary alcohol 12. The 
dithioacetal protecting group is removed using a modification of the procedure 
developed by Fetizbft M; eial. J. Chem, Soc. Chem. Comm. 382 (1972), involving 
treatment of thioacetal with iodomethane and an inorganic base, preferably calcium 
carbonate. Alternatively, other dithioacetal deprotection procedures are known which 
use reagents such as AWialbsuccihimide, cupric, mercuric and silver salts. However 
the use of these oxidative procedures is precluded for compounds bearing 
incompatible functional groups such as thioethers, azides or amines 



A^s^ocHi 



V / RSH.LA 
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OH OP* 
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Alternatively the second 4-C-substituent may be introduced using the 
procedure of Youssefyeh R. D. et al J. Org Chem. 44(8), 1301(1979) where 
alkylation of an aldehyde of formula 15 with electrophile B*+ followed by a reduction 
20 gives compound 16 (Scheme 4). The aldehyde is obtained from the oxidative 
cleavage, preferably with sodium periodate, of hexofuranose 13 or oxidation of the 
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primary alcohol of furanoside 14, preferably using a Moffat oxidation. Another 
method to obtain compounds of formula (1 6) is to use the procedure of Johnson C. 
R. etal. J. Org Chem. 59(20), 5854 (1994). 

HO— y 
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Carbohydrates for compounds of Formula 1 where A"B=H are made 
using a suitably protected carbohydrate of formula 2 where A'=B'=H. This 
carbohydrate is easily obtained from erythrofuranose according to methods well 
known to those skilled in the art described in Greene T. W., Protective Groups in 

1 0 Organic Chemistry, John Wiley & Sons, New York (1981). This carbohydrate is also 
easily obtained by reduction of the corresponding lactone as in N. Cohen etal. J. Am. 
Chem.Soc. 105, 3661, (1983). 

Carbohydrates of formula 2, where A and B form a ring, e.g. 
cyclopropyl, are prepared from D-ribose via the well known enol ether 17 (Scheme 

15 5). Inokawa S. etal. Carbohydr. Res. 30, 127 (1973). Cyclopropanation is 
performed according to the procedure of Simmons H.E. ef al. J. Am Chem. Soc. 81 , 
4256 (1959) or one of its many modifications. Alternatively cyclopropanation is 
accomplished with a diazoalkane and a metal salt, preferably palladium. Cossy J. 
etal. Tetrahedron Lett. 28(39), 4547 (1987). 
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SCHEMES 

Another alternative is to generate a carbene from a dihaloalkane or 

triMalometo 

5 teJeffoiti^ 

diazomethane arid co^ 



et : 'aJ^fe^h^roni^ii--. 35(21 j, 3445 (1994)). ^ 

center is in turn accomplished using one of the many procedures well known to those 
10 skilled in ^ 

Wiley & Sons, New York, (1981). 

Carbohydrates of formula 20 are made by a wide variety of procedures 

Reaction of olefin 17 with ketene under the conditions of Redlich H. et al. Angew. 

Chem. 101(6), 764 (1989) gives cyclobutahone 19 (Scheme 6), with is then 
15 dedxygenated using the procedure of Mori K era/. Tetrahedron, 43(1 0), 2229 (1 987) 

or Romming C. et al. Acta Chem. Scan. B , 40(6), 434 (1986). The free reducing 

sugar is then obtained as mentioned above (Greene T. W. Protective Groups in 

Organic Chemistry John \AHIey & Sons; NeW York, 1981). 
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An alternative route uses the photochemical cyclizatidn of a 
carbohydrate of formula 22 to give cyclqbutandl 23 (Scheme 7, Paquette L A. etal 
J. Am. Chem. Soc. 108(13); 3841 (191J6). Deoxygenation of alcohol 23 occurs 
according to the procedure erf Barton H ? R. et al. Pure AppL Chem. 53, 15 (1981). 
5 Precursor 22 is made by 4-atkylation of the corresponding aldehyde derived from 
selectively protected methyl rib^ et al. J. Org Chem. 

44(8), 1301 (1979). 




21 22 23 20 

Alkylaiion ofal dehyde 15 with a t\vo cartoon dielectrpphile, preferably 



10 diiodoethane, gives 4-disubstituted aldehyde 24 (Scheme 8, Youssefyeh R. D. etal. 
J. Org Chem. 44(8), 1301 (1979)). Treatment of aldehyde 24 with a metal or metal 
salt, preferably samarium diiodide (Molander G. A. etai J. Am. Chem. Soc. 109(2), 
453 (1987)), or with an organometallic reagent, preferably an alkyllithium 
(Vanderdoes T. et al. Tetrahedron Lett. 27(4), 519 (1986)), achieves the ring closure. 

15 The cyclobutanol is then deoxygenated and deprotected at the ahomeric position 
using the procedures previously mentioned to provide spirocyclobutylfuranose 20. 




24 23 20 
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An alternative method to make carbohydrate of formula 20 is illustrated 
in Scheme 9. Activation of the two primary hydroxyl groups using the many 
20 procedures well known to those skilled in the art (Larock R. C. Comprehensive 
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Organic translations, VCH Publishers, Inc. Nev^ .Ybi* (1909)) followed by 
dialkylation with a malonate produces dicarboxylate spirocyctobutane 27 (Pecquet 
P. etal. Heterocydes 34(4), 739 (1992)). DecarBoxylatipn using the procedure of 
tJufefieiiQ J. J. et al. Teimhednin Le 6145 (1 966) followed by dedxygenation and 
deprotection of cydobutanone 19 as previously mentioned gives spirocyclbbutane 

Carbohydrate of formula 29 is made by activation of one of the primary 
hydroxy! groupis of diol 25 (Scheme 10, Lafock K C. Comprehensive Organic 
T^h^nns^on Gydiziatidn occurs upon 

Ed^EhgLTS, 

368 (1986)). The anomeric position is then deprotected as previously mentioned to 
afford spifobxetanbfufanose 29. 



b o 




SCHEME 9 



Alternatively, compound 29 is obtained via Mitsunobu reaction of diol 
25 under the conditions of Berkowitz W. F. et al. J. Org. Chem. 52(6), 1119 (1987) 
which gives compound 29 after deprotection. As another alternative, lithium chloride 
treatment of a cyclic carbonate derived from diol 25 followed by deprotection also 
gives; carbohydrate 29. 
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The syntheses of the carbohydrates of formula 32 are illustrated in 
Schemes 11, 12 and 13. Treatment of activated carbohydrate 31 with a base prior 
to deprotection gives spiroazetidinofuranose 32 (Scheme 1 1 , Vaughan W. R. etal. 
J. Org. Chem. 26, 138 (1961)). Aminoalcohol 30 is prepared following the 
procedures used to make carbohydrates of formula 2 (Scheme 3). 
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Alternatively, treatment of diactivated compound 26 with ammonia, a 
primary amine, a protected amine or an activated amine (Scheme 12) followed by 
deprotection gives carbohydrate 32. See, Juaristi E. etal. Tetrahedron Lett. 25(33), 
3521 (1984). 
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R-NH2 



Deprotection 
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An other alternative is to treat azidoalcohol 33 with a trialkyl or triaryl 
phosphine (Scheme 13, Szmuszkovicz J. etal. J. Org. Chem. 46(17), 3562 (1981)). 



15 Decomposition of the azido group and Mitsunobu like cyclization gives after 
deprotection azetidine 32. 
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(B) PREPARATION OF THE METEROGYCLE ^ 

H6ter6<^d6ifGf compounds of fpirnuia t (Scheme 1) where Y=C, F' 
andD' are substituted aromatic 

and E' Is a hydrogen, alkyl, preferably hydrogen, are made via a pyrrole intermediate 
37 made using the procedure of Gewald, K Z Chem., 1 , 349 (1961 ). Alternatively, 
37 is made by condensing phenone 34, where L is haiide or sulfonate, with 
phthallmlde 35 in order to introduce the pyrrole nitrogen. Knoevenagel condensation 
of ketone 36 with malonitHle followed by removal of the phthalimide protecting group 
affords pyrrdle 37. 

(Jpon treatment with an orthoester, preferably Wethylorthoformatei an 
imidate is formed which is further condensed With a substituted aniline, preferably 
para-fiuroaniline, to give diaryl^yrrolopyrimidihe 39 (TayloK E- G. et al. J. Am Chem. 
Soc. 87(9),1995 (1965)). Additionally, the pyrrolopyrimidihe can be further 
functionalized at the 6 position, when E' is methyl, by treatment with N- 
bromosuccinimide (Saroja .B. etal. Tetrahedron Left 1984, 25(47), 5429). Treatment 
of this bromomethylene with a nucleOphile or with an alkyllithium and an electrophile 
allows easy introduction Of functional groups such as amino or guanidino. 




Heterocycles for compounds of formula 1 (Scheme 1) where Y=N, F* 
and D* are substituted aromatic groups, preferably para-fluorophenyl. 




SCHEME 15 



Cbrnpounds where E is "nothing" are made using the procedure of Kobayashi, S. 
Chem Pharrh. Bolt. (Japan) 21-941 (1973) Khoevenagel eondensatidn of malonitri 
5 y^th a su^ 

treatment with hydrazine gives 5^inopyrazole-4-carbonitrile 40 (Scheme 1 5), The 
4<:hloro-pyrazolo[3 l 4Kl]pyrimidine^^ is obtained upon ring closure reaction with 
fohmamide and chlorinaition using the procedure described by Cheng, C; C; J. Org, 
Chem. 21, 1240 (1966). treatment of chloride 41 with arrimonia; for the 4-amirio 
10 series, or a substituted aniline preferably para-fluoroariilirie, as previously mentioned 
gives diarylpyrazolopyrimidine 42. 

C. COUPLING OF THE CARBOHYDRATE WITH THE HETERQ CYCLE 
The coupling of the carbohydrate 2 with pyrrolo[2,3-d]pyrimidine 
heterocycles is accomplished as follows (Scheme 16). The sugar is first converted 
15 to its 1-halo derivative, preferably chloro, by reacting it with CCI 4 and HMPT by a 
procedure described in Wilcox, C. T. etal. Tetrahedron Lett. 27(9), 1011 (1986). The 
halo derivative is condensed with the anion of the heterocycle 3 (where Y is carbon 
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and E is hydrogen) using aphase transfer catalyst such as TDA-1 . RosemeyerH., 
and Seela, F. Helvetica Chimica Ada, 71:1573 (1988). The resulting blocked 
nucleosides are deprotected by a variety of procedures well known to those skilled 
in the art. 




5 SCHEME 16 

Coupling of sugars to the pyrazzolo[3,4-d]pyrimidine bases is 
performed by Lewis acid catalysis conditions. Cottom, et al., J. Med. Chem . 27, 
11210 (1984). In such cases the sugars are converted to their 1-O-acyl form, 
preferably 1-O-acetyl, by again using one of the many standard acetylation 
10 procedures. A mixture of the heterocycle 3 (where Y is nitrogen) and the acetylated 
sugar in boiling nitromethane is treated with boron trifluoride diethyl etherate. The 
products are purified by chromatography or crystallization, and are deprotected to 
obtain the final compounds. 

D. MODIFICATION OF SUBSTITUFNTS ON THE HETEROCYCLE 
15 Due to the chemical incompatibility between some of the substituents 

on the heterocycle and the glycosidation-reaction conditions, the final 
functionaiization of the nucleoside is done after the coupling reaction. For example, 
the 5-aryl group is introduced onto the pyrrolopyrimidine ring system using one of the 
many palladium-catalyzed cross coupling procedures (review: Stille, J. K Ang. 
20 Chem., Int. Ed. Engl. 25, 508(1986)). 

Typically, a 4-substituted-amino-5-halopyrrolo[2,3-d]pyn'midine 44, 
where the halogen is iodo, is coupled to an arylboronic acid (i.e. A=B(OH) 2 in 
Scheme 17) in the presence of a catalyst such as tetrakistriphenylphosphine 
palladium. 




Alternatively, in place of aryl boronic acids, other activated aryl compounds such as 
airyltnalkyltih(A=Sn(alM)3 is successfully used to obtain the final product 45. 

5 Substitution of the aryltrialkyitlri by an unsaturated trialkyl starinane by procedures 
as described but not limited to the one described in Stifle, J. K. Ang Chem., Int. Ed. 
Engl. 25, 508 (1986) provides the 5-aIkehyl derivative which can-be hydrogenated in 
order to prepare the corresponding alkyl analog. 

Further modifications can be added to the aromatic rings after cross 

1 0 coupling with the heterocycie either before or after glycbsidatioh. Reduction, oxidation 
and/or deprotection steps are done at this stage. For instance a cyano group is 
oxidized to its carboxamide or reduced to its amine. A /V-phenylacetamide is 
deprotected and kept as its aniline or transformed to its trifluoromethanesulfonamide 
to Improve water solubility. 
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Carbon chain extension is done at this stage (Scheme 18). The 
aromatic ring substituent on the glycosilated intermediate 45 where X is halideor 
trifluoromethanesuHbnate is coupled with a vinyl or ally] trialkyltin species using one 
of the many palladium-catalyzed cross coupling procedures (review: Stille, supra). 
The double bond is then oxygenated at the terminal position and the resulting alcohol 
46 is converted to a leaving group L, preferably iodide (Srivastava, P. C. et al. J. Med 
Chem. 1975,18(12), 1237). Displacement by an amine completes the carbon chain 
extension and improves the water solubility for compounds of formula 48. 

Other potential water solubilizing groups such asguanidino derivatives 
can be prepared from the corresponding amino or hydroxy compounds by application 
of methods described in the literature such as, but not limited to, the procedures 
described by Miller and Bischoff (Synthesis 778 (1986)), Dodd and Kozikowski 
(Tetrahedron Lett. 35, 977 (1994)), Beatty and Magratti (J. Chem. Soc. 12(1965)), 
15 Larson etal (Int. J. Pept. Protein Res. 9, 182(1977)), Brand and Brand (Org. Synth. 
22, 59 (1942)), Ichikawa (Tetrahedron Lett 29, 4957(1988)), Katritzky et al (Synth. 
Commuri. 25, 1173 (1995)), Ariga and Anslyn (J.Org. Chem. 57, 417 (1992)), Palat 
et al (Collect. Czech. Chem. Commun. 57, 1127 (1992)) or M. S. Bernatowicz (J. 
Org. Chem. 57, 2497 (1992). Acylguanidines can be prepared by methods described 
in the literature such as the methods described by Bock etal (J. Med.Chem. 29, 1540 
(1986)) and references cited therein. 
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E. R ^^^^^T ^ -TH E P ROTE CTI N G: Q ft b UPS 

Add labile protec^ng groups such as ketals, sIlyl etHers or ethers are 
removed using a dilute acid or a weak organic acid, e.g. 0.1 N hydrochloric acid or 
70% aqueous trifluoroacetic acid (Greene, t%, Protective Groups in Organic 
5 Chemistry, John Wiley & Sons, New York (1981). Base labile protecting groups such 
as acyls or carbamates are removed by treatment with an organic or inorganic basis, 
dg/^iUm m Binzyj;^ 
are removed by hydrogenolysis in the presence of a metal catalyst, preferably 
palladium chloride, Sheri, V. ef £A J. Oi$^ C^I0^^B35 
10 Preferred cbmjaburi^ 

methqdsd^crite^ 

Example 1 Preparation of cbmpound offbrmulklb 
£&5^ri-bfoh^ 

15 ; Boron t^um 

a solution of methyl 2,3,5^ri-GH£henyinte^ 66 mmdl) 

(Barker, R and Fletcher, H. G J Org. Ghern. 1961 v 26, 4605) and 1,3^ropahedithipl 
(10 mL, 99 mmol) in dry dichloromethane (130 mL) at M8 9 C. This reaction mixture 
was stirred 30 minutes at -48° C and warmed to room temperature in the course of 

20 one hour. After stirring at room temperature for one hour, the mixture was quenched 
with saturated aqueous sodium bicarbonate, diluted with ethyl acetate and washed 
with saturated aqueous sodium birarbonate and chloride. 
The organic layer was dried over sodium sulfate arid «>ncentrated un 
pressure. The residue was purified by flaish dlrbm oh silica gel 

25 (hexanes/ethyl acetate 90/10 to 75/25). Yield 31.9 g, 94 %• Rf = 0.3 (silica gel, 
hexanes/ethyl acetate 80/20). 
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Example 2 Preparation of compound of formula 11 

f3S, 4R1-1 .3.4-TrH/phenvlmethvnow)-fi-M ■3-dlthian.9.vn Pe ntan-2- Q ne 

A solution of dimethyl sulfoxide (22.1 mL, 312 mmol) in dry 
dichloromethane (100 mL) was added dropwise over 10 minutes to a solution of 
5 oxalyl chloride (16.3 mL, 187 mmol) in dry dichloromethane (200 mL) at -78° C. After 
stirring 10 minutes at -78°C, a solution of the compound of Example 1 (31 .9 g, 62.4 
mmol) in dry dichloromethane (100 mL) was added dropwise to the reaction mixture 
over 20 minutes at -78>G. After stirring at -78° C for 20 minutes, a solution of 
triethylamine (87 mL, 624 mmol) in dry dichloromethane (100 mL) was added 
dropwise over 10 minutes at -78°C. After completion of the addition the internal 
temperature was allowed to raise to -40° C over 30 minutes. The reaction mixture 
was quenched with saturated aqueous ammonium chloride and warmed to room 
temperature. The layers were separated and the aqueous layer was back extracted 
twice with dichloromethane. The combined organic extracts were dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (hexanes/ethyl acetate 90/10 to 70/30). Yield: 27.9 g, 
88 %, Rf = 0.35 (silica gel, hexanes/ethyl acetate 80/20). 

Example 3 Preparation of compound o f formula 19 
4-CHfPhenvlmethvltoxvlrTre^ 
pentane. 

A solution of the compound of Example 2 (1 g, 1.97 mmol) in dry 
tetrahydrofuran (25 mL) was added dropwise over 5 minutes to a solution of 
[(phenylmethyl)oxy]methyllithium (3.94 mmol) (Still, W. C. J. Am. Chem. Sob. 1978, 
100, 1481 ) in dry tetrahydrofuran (25 mL) at -78° C. After stirring for 20 minutes at - 
78° C, the reaction mixture was quenched with saturated aqueous ammonium 
chloride, warmed to room temperature, diluted with ethyl acetate and washed with 
saturated aqueous ammonium chloride. The organic layer was dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (hexanes/ethyl acetate 90/10 to 75/25). Yield: 1 .05 g, 
85 %, Rf = 0.45 (silica gel, hexanes/ethyl acetate 70/30). 
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Example 4 Preparation of compound of formula 2 



A hetefb^w of -raldur^ (4 g, 4Q rtimbl), 

iodomethane (1 .25 mL, 20 mmol) and the compound of Example 3 (2.52 g, 4 mmol): 

5 in acetonitrile/tetrahydrofurar^ (1/1/9, 44 mL) was refluxed overnight (Fetizon, 
M. J. Chem. Soc., Chem. Comm. 1972, 382). More iodomethane (1.25 mL, 20 mmol) 
was added and refluxing was pursued for 24 hours. The mixture was cooled, diluted 
with ethyl acetate and washed with saturated aqueous sodium chloride. The aqueous 
layer was extracted with dichloromethane and the combined organic extracts were 

10 dried over sodium sulfate and concentrated under reduced pressure. The residue 
was purified by flash chromatography on silica gel (hexanes/ethyl acetate 80/20 to 
65/35). Yield: 2.06 g, 95 %, Rf = 0.2 (silica gel, hexanes/ethyl acetate 70/30). 



4^A/-Phenvlamino-5-ph 



15 



> Hexamethylphosphorous triamide (41 5 (jL, 1 .95 mmol) was added to 

a solution of carbon tetrachloride (250 pL, 2.6 mmol) and the compound of Example 
4 (349 mg, 0.65 mmol) in dry toluene at -78° C. The reaction mixture was warmed to 

0^G;intt^ 

20 was quenched with water, diluted with toluene and washed with water and saturated 
{~\ aqueous sodium chldride; The organic layer was dried over sodium sulfate and 

concentrated under reduced pressure to a volume of c. a* 5 mL. The chloro-sugar 
solution was added to a mixture of 4-/Vr-phenylamirio^phenyl^pyrrolo[2 t 3- 
cOpyrimidine (370 mg, 1 .3 mmol), finely powdered potassium hydroxide (85%, 170 
25 mg, 2.6 mmol), tris[2-(2-methoxyethoxy)ethyl]amine (420 pL, 1.3 mmol) and 4 A 
molecular sieves in dry toluene which had been stirring at room temperature for 2 
hours. After stirring overnight at room temperature, the reaction mixture was filtered 
through Celite® and the filtering pad was rinsed with ethyl acetate. The filtrate was 
diluted with ethyl acetate and washed with saturated aqueous sodium chloride. The 
30 organic layer was dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by flash chromatography on silica gel 
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(hexanes/ethyl acetate 90/10 to 70/30). Yield: 229 mg, 44 %, Rf = 0.6 (silica gel, 
hexanes/ethyl acetate 80/20). 

Example 6 Preparation of compound of formula 1 

4- W-Phenvlamino-5-phenvl-7-r4-C^vdroyvmethvl-Q-D-ribofuranosvnpvrrolof?,a- 
5 cHpyrimldine: Table 1 #1 

; A mixture erf palladium hydroxide (200 mg) and 4-A/-phenylamino-5- 
phenyi-7-(4-C-I(phenylmethyl)0xy]methyl-2,3,5rtri-O-(phenylmeth 
rlbofuranosyl)pymolo[2,3-cQpyrimidine (212 mg, 0.26 mmol) in acetic acid/ methanol 
(1/1; 10 mL) was vigorously stirred at room temperature under one atmosphere of 
10 hydrogen. After 7 days of stirring the reaction mixture was filtered through Celite® 
and the filtering pad was rinsed with hot methanol. The filtrate was concentrated 
under reduced pressure and the solid residue was recrystallized from ethanol. Yield: 
30 mg, 26 %, Rf = 0.4 (silica gel, dichloromethane/methanol 80/20) s mp 232°C. 

Example 7 Preparation of compound of formula 10 

5- Deoxy-2.3-di-Q-(phenvlmethvn-1 -f 1 ■3^ithian-2-vh-n-/fhn-r> e nt a nA 
The title Compound was synthesized following a procedure analogous 

to the synthesis described in Example 1. Thus methyl 5-deoxy-2,3-di-0- 
(phenylmethyl)-D-ribofuranoside (7 g, 21 .3 mmol) prepared by a procedure analogous 
to the synthesis of methyl 2,3,54n^C><phenylmethyl)-D-ribofuranoside (Barker, R and 
Fletcher, H. G. J. Org. Chem. 1961, 26, 4605), gave 7.9 g, 92 %, Rf = 0.35 (silica gel, 
hexanes/ethyl acetate 70/30). 

Example 8 Preparatio n of compound of formula 11 
(39.4R)^,4-Bis-f(phenvlmethvnoXvT-5-/i;3-dithian^- v ^ P 6ntan-2-on e 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 2. Thus the compound of Example 7 (7.9 g, 
19.5 mmol) gave 6.32 g, 80 %, Rf = 0.2 (silica gel, hexanes/ethyl acetate 70/30). 
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Example ? Preparation of compound of formula 12 

5-Deoxv^C^ethvl-2.3^i-0^phen^methvlVW1 3^ithian-2-vlV-B-nbo-pentane 

A solution of the compound of Example 8 (2 g, 5 mmol) in dry 
tetrahydrofUran (30 mL) was added dropwise oyer 10 minutes to a solution of 
5 methyll'rthium (20 mmol) in dry tetrahydrofUran (20rhL) at-78°C. After stirring for 20 
minutes at -78° C, the reaction mixture was quenched by slow addition of a solution 
of acetic acid (2 mL) in dry tetrahydrofUran (10 mL) over 5 minutes at -78° C. The 
quenched solution was warmed to room temperature, diluted with ethyl acetate and 
washed with saturated aqueous sodium bicarbonate and saturated aqueous sodium 
10 : chloride, the organic layer was dried over sodium sulfate and concentrated Under 
• reduced pressure.^ TO ' - 

(hexanes/ethyl acetate 85/15 to 75/25). Yield: 2.038g, 98 %, Rf = 0.38 (silica gel, 
hexanes/ethyl acetate 70/30). 

Example 10 Preparation of compound of formula^ 
15 5-Deoxv^CHTiethvl-2^i-0^phenv1methvh-D-ribofuranose 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 4. Thus, the compound of Example 9 (2.04 g, 
4.87 mmol) gave 1.4 g, 88 %, Rf = 0:4 (silica gel, hexanes/ethyl acetate 70/30). 

Example 11 Preparation of compound of formula 2 

20 5^Deoxv-4^C-methvl-2.3-0^methvlethvlidene>-Di-rfbofuranose 

A mixture of; palladium hydroxide (6!5 g): ahcl the compound of Example 
1 0 (2.62 g, 7.98 mmol) was vigorously stirred at room temperature for 3 hours under 
one atmosphere of hydrogen. The reaction mixture \yas filtered through Cellte® and 
the filtering pad was rinsed With hot methanol. The filtrate was concentrated under 

25 reduced pressure and azeotroped twice with dirnethylformamide. The residue was 
dissolved in dirnethylformamide (10 mL). p-Toluenesulfonic acid monohydrate 
(catalytic) and 2,2-dimethoxypropane (4.6 mL, 32 mmol) were added. After stirring 
overnight at room temperature, the reaction mixture was diluted with ethyl acetate 
and washed with saturated aqueous sodium bicarbonate and saturated aqueous 

30 sodium chloride, The organic layer was dried over sodium sulfate and concentrated 
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under reduced pressure. The residue was purified by fl^h chromatography on silica 
gel (hexanes/ethyl acetate 80/20 to 70/30). Yield: 507 mg, 34 %, Rf * 0.3 (silica gel, 
hexanes/ethyl acetate 70/30): 

Example 12 Preparation of compound of formula 4 

4rAM*henvlamlno^5*phenyl^^ 

rib()furanosvl)pvrrolo-r2.3-dlpvrirnidine 

Hexamethylphosphorous triamide (800 pL, 4.35 mmol) was added to 
a solution of carbon tetrachloride (600 pL, 5.8 mmol) and the compound of example 
1 1 (272 mg, 1.45 mmol) in dry toluene at -50° C. The reaction mixture was warmed 
to -10° C in the course of 30 minutes and stirred at -10°C for 15 minutes. The orange 
solution was quenched with water, diluted with toluene and washed with water and 
saturated aqueous sodium chloride. The organic layer was dried over sodium sulfate 
and concentrated under reduced pressure to a volume of c.a. 5 mL The chloro-sugar 
solution was added to a mixture of 4-/V-phenylamino-5-phenylpyrroloI2,3-d]pyrimidine 
(830 mg, 2.9 mmol), finely powdered potassium hydroxide (85%, 380 mg, 5.8 mmol) 
and trisI2^2-^thoxyethoxy)ethyl]amine (925 pL, 2.9 mmol) in dry toluene which had 
been stirring at room temperature for 90 minutes. After stirring overnight at room 
temperature, the reaction mixture was diluted with ethyl acetate and washed with 
saturated aqueous ammonium chloride. The organic layer was dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (hexanes/ethyl acetate 70/30 to 50/50). Yield: 223 mg, 
34%, Rf = 0.3 (silica gel, hexanes/ethyl acetate 60/40). 

Example 13 Preparation of compound of formula 1 

4-/V-Phenvlamino-5-Phenvl-7-(5-deoxv-4-C-methvl-R-D-ribofuranosvn P vrrolof2.3- 
dlpvrimidine 

A solution of 4-/v^enylamino-5-phenyl-7-(5-deoxy-4-C-^nethyl-2,3-0- 
(methylethylidene^D-ribofuranosylJpyrrolop.S-dlpyrimidine (220 mg) in 70 % 
aqueous trifluoroacetic acid (20 mL) was stirred at 0°C for one hour and at room 
temperature for one hour. The reaction mixture was concentrated under reduced 
pressure and azeotroped twice with water and twice with ethanoi. The residue was 
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neutralized with saturated aqueous sodium bicarbonate and the precipitated 
nuclebsjde 

recrystallized from ethanol. Yfeld: 1 30 mg; 65 %; Rf = 0:5 (silica gel, 
di(jhlbrom^thane/m^ 

V 5 Example 14 Preparation of compound of formula 18 
Methvl 2.3-O^methvlethvlldene^ 

A solution of methyl 5<teoxy-2,3<Mmethylethyliden 
peht^hofufanoslde (2 g, 10 7 mmbl) (Inokawa, S. et a/i Garbohyd^ Res. 1973, 30, 
127) and diodomethane in dry ether (20 mL) was added dropwise over 4 hours to a 
1 0 refluxirig suspension of freshly madb zinc^pper cxiupie ether, the reaction 
mixture was refluxed overnight, cooled; diluted With eth^ and washed 
aqueous ammonium chloride. Th© organic layer was dried bver sbdiurri sulfate arid 
concentrated under reduced pressure. The residue was purified by flash 

15 compound 18 (1 g, 47 %), Rf « 0.3 (silica gel, hexanes/ethyl acetate 90/10). 

Example 15 Preparation of compound of formula 18 
2.3-Q-(MethvlethvltdeneV4-C-splro 

A mixture of methyl 
erymrofuranoside (2;57 g, 1 2.8 mrt^ 
20 tetrahydrofuran (20 mL) was refluxed for 1 hour. The cbbled reaction mixture was 
neutralized with DOWEX® 1X8-200 ion bxchange resin (OH^ form); filtered and rinsed 
with methanol. The combined filtrates were roncen^ 

and azeotroped twice with dimethylformamide; The residue was dissolved in 
dimethylfbrmamide (10 mL). p-Toluenesuifonic acid mbnohydrate (catalytic) and 2,2- 
25 dimethoxypropane (4.6 mL, 32 mmdl) were added. After stirring 4 hours at room 
temperature, the reaction mixture was diluted with ether and washed with saturated 
aqueous sodium bicarbonate and saturated aqueous sodium chloride. The organic 
layer was dried over sodium sulfate and concentrated under reduced pressure. The 
residue was purified by flash chromatography on silica gel (pentane/ether 70/30 to 
30 40/60). Yield: 1.2 g, 50%, Rf= 0.4 (silica gel, hexanes/ethyl acetate 60/40). 
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Example 16 Preparation of compound of formula 4 

4-A(-r4-Fluorophenvnamino-5-phenvl-7-f2.3-0-rmethvlethvlidene>-4-C- 
spirocvdopropvl-^^Mhroftiranosvnpvrrolor2.3-olPvrimldine 

The title compound was synthesized following a procedure analogous 
5 to the synthesis described in example 12. Thus coupling of 2,3-0-(methylethylidene> 
4-C^splrocy^^ (450 mg, 2.42 mmol) with 4-N-{4- 

fluoropheny^^ 1.47 g, 4.84 mmol) 

provided the title nucleoside (294 mg, 26 %), Rf = 0.6 (silica gel, hexanes/ethyl 
acetate 70/30). 

10 Example 17 preparation of compound o-f fprmtila 1 

4-/^-M-Fluoroohenvnamino-5-phenvl-7-f4-C-spirocvclopropvl-B-D- 

ervthrofuranosvhpvrrolor2.3-cnpvrimidine: Table 4 #150 

The. title compound was synthesized following a procedure analogous 

to the synthesis described in Example 13. Thus 4-AH4-fiuorophenyl)amino-5-phenyl- 
15 7^2,3-<><methylethylideneM-C-spiro^ 

d]pyrimidine (289 mg, 0.6 mmol) provided the titled deprotected nucleoside (159 mg, 

60 %), Rf = 0.5 (silica gel, dichlorpmethane/methanol 90/10), m.p. 142° C. 

Example 18 Preparation of compound of formula 4 

4-Chloro-5.iodo-7-f5-deoxv.4-C-methvh2.3-0-(methvlethvlidene)-8-D- 

20 ribofuranosyl)pyrro|or2 < 3-QlPYrimicline 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 12. Thus coupling of 5-deoxy-4-C-methyl-2,3- 
O-(methylethylidene)-D-ribofuran0se (550 mg, 2.9 mmol) with 4-chloro-5-iodo- 
pyrrolo[2,3-d]pyrimidine (1.23 g, 4.35 mmol) provided the titled nucleoside (581 mg, 

25 44 %), Rf = 0.4 (silica gel, hexanes/ethyl acetate 60/40). 
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Example 19 Preparation of combouri 
4^frloro^6d^ 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 13. thus 4-chl6n>^ 
5 me%l£#OKn^^ 

0.22 mmol) provided the titled deprotected nucl(S>side ^$^i^fW^ Rf = 0.45 (silica 
gel; di(^ldrdmethane/meth 90/1 0), m. p. 1 73-174° C. 

fe^mpte 20 Pre 

4-Chloro-5Hodo-7-(2.3-Q-(methvlethvlidene^>C-splrocvclo propvl-B>D> 
10 erWhrofuranosvnpvrrolof2.3-cnpvrimidine 

The title compound was synthesized following a procedure analogous 

4-<^spifocydopropyJ^ (500 mg, 2;66 mmol) with 4^loro^lod<>- 

, pyrrdi6Pi3^pyrimidine (1.11 g, 3;99 mmol) provided the^ (402 mg, 

15 34 %)^ Rf = 0.7 (silica gel, hexanes/ethyl acetate 70/30). 

Example 21 Preparation of compound of formula 1 
4-Amiho^lodo-7^4^spfr^ 

Liquid ammonia (1 5 mL) was added to a solution of 4-chloro^5Hodo i -7- 

20 (2,3-0^(methylethylidene)-4-(>spirocyd6pro^ 

cQpyfimidine (200 mg, 0.45 mmol) in methanol (15 mL) af 
mixture was heated at 100°C in a sealed steel bonib for 24 hours Ammonia v^s 
slowly released from the cooled bomb and the resulting solution was concentrated 
under reduced pressure. The residue was disolved in 70 % aqueous trifluoroacetic 

25 acid and stirred at room temperature. After 30 minutes the reaction mixture Was 
concentrated under reduced pressure and azeotroped twice with water and twice with 
ethanol. The residue was neutralized with saturated aqueous sodium bicarbonate 
and the precipitated nucleoside was filtered and rinsed with water. The solid was 
recovered and reoystallized from ethanol. Yield: 73 mg, 42 %, Rf = 0.35 (silica gel, 

30 dichloromethane/methanol 90/10), m.p. 232° C (dec). 
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Example22 Preparation of compound of form. , 1^1? 
4-g-Methy|-2.3,5-tri-CMphenvlmethvlVWl a^sthian^lirw./rn.r^nf^ 

The title compound was synthesized following a procedure analogous 
to the synthesis described jn Example 9. Thus the compound of Example 2 (5 g, 9.8 
mmol) gave the title compound (3.94 g. 84 %) from a separable 12/1 epimen'c 
mixture, Rf = 0.38 (silica gel* hexanes/ethyl acetate 70/30). 

Example 23 Preparation of compound of formula 2 
4-(>^emvl-2.3.5^-0^ P henvlmethvlW^lvyofiir a n,n ftft 

The title cpmpound was synthesized following a procedure analogous 
to the synthesis described in Example 4. Thus the compound of Example 22 (3.94 
g, 7.51 mmol) gave the title compound (2.6 g, 80 %), Rf = 0.25 (silica gel, 
hexanes/ethyl acetate 70/30). 

Example 24 Preparation of compound of formula 4 

4WV^4-(pimethvlaminomethvnphen V l^mln(^-nhenvl-7-/4-G-methv|.2.3.5-tri-0- 
(PhenvlmethvlVl^lvxofuranosvhpvrroloPa-olovrimidihe 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 12. Thus coupling of 4-C-methyl-2,3,5-tri-0- 
(phenylmethyl)-D-lyxofuranose (500 mg, 1.15 mmol) with 4W-{4- 
(dimethylamirK5memyl)phenyQamino^phenyli3yrrolo[2,3^pyrirhidine (593 mg, 1.5 
mmol) provided an Unseparable mixture of the title compound and its N1 -isomer and 
tris[2-(2Hnethoxyethoxy)ethyl]amine (836 mg); Rf = 0.6 (silica gel, 
dichloromethane/methanol 90/10). 
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Example 2$ Prepay 
Ivxbftjte^^ 

An orange solution of palladium chloride (400 mg) in anhydrous 

5 meth^ 

A solution of 4-N44^dimethylamihd 
2,3i$^OH[phe^^ 

and tris[2K2nTiethoxyethoxy)ethyl]^ (786 mg) in solution in anh^rous nrtethandl 
(1 OmL) was added to the suspension of reduced palladium. The heterogeneous 
10 ruction mbct^ stirred at room temperature under hydrogen (1 atm) for 6 hours, 
filtered through Celite® and the filtering pad was rinsed with boiling methanol. The 
combined; ffl 
di»oi^din0;1M 

the aqueousisolution was brought to 12 with 1 N aqueous sodium hydroxide arid the 
1 5 resulting solution was extracted 3 times with ethyl acetate. The combined organic 

extracts were dried over sodium sulfate and concentrated u^ 
r Tfrie residue was purified by flash ^ silica gel 

(didilorbmethane/methanol/30 % aqueous ammonium hydroxide 90/10/1 to 80/20/1). 

The partially purified; nucleoside was ftjrther purified by HPLC (CIS, 50X250 mm; 
20 methanol/(water/methanol/acetic acid 95/5/0-5) 45/55, 1 6.5 ml^minute, 7^= 299 hm- 

Rt= 20.6 minutes) and crystallized from ethanbl. Yieid: 26-8 mg, Rf = 0.25 (silica gel, 

dichloromethane/methanol 80/20); m.p. 205-206 ? G. 

Example 26 preparation of pompoupd bf formu^ 12 
4-CHVlethv h2 ^^ 

25 A solution of the compound of Example 8 (4 g, 10 mmol) in dry 

tetrahydrofuran (100 mL) was added dropwise over 10 minutes to a solution of 
[(phenylmethyl)oxy]methyllithium (1.8 mmol) (Still, W.C. J. Am. Chem. Soc. 100, 
1481 (1978)) in dry tetrahydrofuran (50 mL) at -78°C. After stirring for 1 0 minutes at 
-78° C, the reaction mixture was quenched by slow addition of a solution of acetic 

30 acid (2.3 mL) in dry tetrahydrofuran (50 mL) over 5 minutes at -78° G. The quenched 
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solution was warmed to room temperature, diluted with ethyl acetate and washed 
with saturated aqueous ammonium chloride, saturated aqueous sodium bicarbonate 
and saturated aqueous sodium chloride. The organic layer was dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by flash 
chromatography on silica gel (hexanes/ethyl acetate 90/1 6 to 75/25). Yield: 3168 g, 
70 %, Rf = 0.45 (silica gel; hexan^ 

Example 27 Preparation of compound of formula 2 
4>C-Methvl-2.3.5-tr1>0-fohenvlmethvlVD-rlbofuranose 

^ analogous 
to the synthesis described in Example 4. Thus the compound of Example 26 (3.68 
g, 7 mppl^ ip^ ^ 70/30). 

Example 28 Preparation of compound of formula 4 

4-/V-Phenvlamino-5-phenvl-7-^^ 

ribofuranosvllpv^^ 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 12. Thus coupling of 4-C-methyl-2,3,5-tri-0- 
(phenylmethyl)-D-ribofuranose (500 mg, 1.15 mmol) with 4-AA-phenylamino-5-phenyl- 
pynrolo[2,3-cGpyrimidine (494 mg, 1.73 mmol) provided the titled nucleoside (165 mg, 
20 %); Rf - 0.6 (silica gel, hexanes/ethyl acetate 70/30). 

Example 29 Preparation of compound of formula 1 

Table 2 #91 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 24. Thus 4-A/-phenylamino-5-phenyU7-(4-C- 
methyl-2,3,5-tri-0<phenylme^^^^ (144 
mg) provided the titled deprotected nucleoside (63 mg, 73 %), Rf = 0.45 (silica gel, 
dichloromethane/methanol 90/1 0), m.p. 21 1 -21 3° G. 
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Example 30 Preparation of (impound 

4-AM44Dimethylaminon^ 

C>gpirocycloprop\ri-[^D^^ 

The title compound was synthesized following a procedure analogous 
5 to the synthesis described in Example 12. Thus coupling of 2,3-0-{methylethyIidene)- 
4-C-spirocydopropyl^>-erythrofuranose (350 mg f 1.88 mmol) with A-N^ 
(dime^ 

mmol) provided an unseparable mixture of the titled nucleoside, its N1 -isomer and 
tris[2-(2-methoxyethoxy)ethyl]amine (1.31 g); Rf s '0.45 (silica gel, 
10 di0l0bri^tha 

gx^mplQ 31 . frsffi^ 
4WS^b}methy|amin 
, ; erythrbfura^ 

A mixture of 4^A/^4^(dimethylaminbmethyl)^ 
15; v (2;3^O-(methytethylid0^ 
, c(]pyrimidi^ 

dissolved in methanol (10 mL) and 0.1N hydrochloric acid (10 mL). The pH was 
adjusted to pH=1 .5 with 6N hydrochloric acid (0.5 mL) and the homogeneous solution 
was refluxed for one hour. The reaction mixture was diluted with 0.1 N hydrochloric 

20 acid arid wis p>H # the aqueous solution was 

brought to 12 with 1N aqueous sodium hydroxide and the resulting solution was 
extracted 3 times with ethyl acetate. The combined organic extracts were dried over 
sodium sulfate and concentrated under reduced pressure, The residue was purified 
by flash chromatography on silica gel (dichloromethane/methanol/30 % aqueous 

25 ammonium hydroxide 90/10/1 to 80/20/1). The partially purified nucleoside was 
further purified by HPLC (C18, 50X250 mm, methanol/(water/methanol/acetic acid 
95/5/0.5) 45/55, 18 mL/minute, A max = 299 nm, Rt= 17 minutes) and crystallized from 
ethyl acetate to provide the title compound (Rf = 0.25 (silica gel, 
dichloromethane/methanol 80/20). MS, calculated (M+H) = 472.23; found = 472. 
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Example 32 Preparation of compound of formula 4 

4-/V-Phenvlaminor5-phenvl-7^2.3-QWmethvlethvHdene>-B-n- 
ervthrofuranosvl>pvrrolor2 3-o1pvrimidine 

Oxaly! chloride (.55 mL, 6.3 mmol) was added dropwise, keeping the 
5 temperature below 35°C, to a solution (4,8 mL, 63 mmol) 

in toluene (5.4 mL) and acetonitrile (1.9 mL). The slushy mixture was stirred at room 
temperature for 15 minutes then cooled to -12°C. A solution of 2,3-0- 
(methylethylidene)-B-D-erythrofuranose (1 g, 6,24 mmol)( Cohen, N. et a/. J. Am. 
Chem. Sop. 105, 3661 (1983)) in toluene (1.2 mL) was added to the reaction mixture 

10 maintaing the temperature below -^C. After stirring at -12°G for 20 minutes the 
solution was cooled to -16°C and a solution of triethylamine (1.1 mL, 7.9 mmol) in 
toluene (1 mL) was added maintening the temperature below 0' C. The precipitate 
was stirred 15 minutes at 0°C, filtered off over a pad of Celite* and rinsed with 
toluene. The combined filtrates were added to a mixture of 4-/V-phehylamtnd-5- 

15 phenylpyrrolo[2,3-d]pyrimidine (2.85 g, 1 mmol), finely powdered potassium 
hydroxide (85%, 1.31 g, 2 mmol) and tris[2-(2rmethoxyethoxy)ethyrjamine (4 mL, 
1 .25 mmol) in dry toluene which had been stirring at room temperature for 2 hours. 
After stirring overnight at room temperature, the reaction mixture was diluted with 
ethyl acetate and washed with saturated aqueous ammonium chloride. The organic 

20 layer was dried over sodium sulfate and concentrated under reduced pressure. The 
residue was purified by flash chromatography on silica gel (hexanes/ethyl acetate 
70/30 to 50/50). Yield: 969 mg, 36%, Rf= 0.55 (silica gel, hexanes/ethyl acetate 
60/40). 
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Example 33 Preparation of compound of formula 1 
4^Phenvlamii^^ 

The title compound was synthesized following a procedure analogous 
5 to the synthesis des^ 

(methy!ethylidene)-p-r>^rythrofuiwosyl)pyrTolo[2,3<Qpyrimidine (969 mg, 2.26 
mmol) provided the title nucleoside (401 mg, 46 %), Rf = 0.5 (silica gel, 
dichloromethane/methanol 90/10), m.p. 21 0.5-21 1.5° C. 

Example 34 Preparation of compound of formula 12 

10 4-C^Methox^rnethvn-2.3.54ri-Q^ 

A solution of the compound of Example 2 (1.02 g, 2 mmol) in dry 
tetrahydrofuran (40 mL.) was added dropwise over 5 minutes to a solution of 
[(methyl)oxy]methyllithlum (6 mmol) (Still, W. C. J. Am. Chem. Soc. 1978, 100, 1481) 
in dry tetrahydrofuran (40 mL) at -78° C. After stirring for 20 minutes at -78° C, the 

15 reaction mixture s chloride, warrrted 

to room temperature, diluted with ethyl acetate and washed with saturated aqueous 
ammonium chloride. The organic layer was dried over sodium sulfate and 
concentrated under reduced pressure. The residue was purified by flash chroma^ 
tography on silica gel (hexanes/ethyl acetate 90/10 to 75/25). Yield: 0.48 g, 43 %, 

20 Rf = 0.45 (silica gel, hexanes/ethyl acetate 70/30). 

Example 35 Preparation of compound of formula 2 
4-f>Methoxvmethvl^2.33-tri-O^fphenvlmethvn-D-lvxofuran0se 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 4. Thus the compound of Example 34 (3.53 
25 g, 6.3 mmol) gave the title compound (1 g, 34 %), Rf = 0.25 (silica gel, hexanes/ethyl 
acetate 70/30). 
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Example 36 Preparation of compound of formula 4 

4-A/-f4-Flu6rophenvl^amino-5-Phenvl-7-r4-C-methoxvmethtfl-2.3.5-tri-Q- 
fphenvlmethvn-B-o-[vxofuranosvnpvrrolor2 3w-y|pyrimidine 

The title compound was synthesized following a procedure analogous 
5 to the synthesis described in Example 12. Thus coupling of 4-C-methoxymethyl- 
2,3,54ri-0-(phenylmethyl)-c>-lyxofuranose (500 mg, 1.08 mmol) with 4-/V-(4- 
fIuorophenyl)amino^henylpynTolo[2,3<Gpyrimidine (0.5 g, 1,64 mmol) provided the 
title compound (328 mg, 40 %); Rf -0.6 (silica gel, hexanes/ethyl acetate 70/30). 

Example 37 Preparation of com pound of formula 1 

10 4-/V-(4-Fluorophenvhamino-5-ph,e nvl-7-M-C-methoxvmethvl-B-D- 
Ivxofuranosvnpvrrolor2.3- cnpvrim}dine: Table 3 #372 

The title compound was synthesized following a procedure analogous 
to the synthesis described in Example 25. Thus 4-A/-(Fluorophenyl)amino-5-phenyl-7- 
(4-0-methoxymethyl-2,3,5-tri-0-(phenylmethyl)-3-D-lyxofuranosyl)pyrrolo-[2,3- 
15 cdpyrimidine (430 mg) provided the titled deprotected nucleoside Rf = 0.5 (silica gel, 
dichloromethane/methanol 90/10). MS, calculated (M+H)= 481 ; found = 481 . m.p. 
205-206 °C. 

Ex,amp|e 3? Preparation of Compoun d of formula 4 

1-(2,3-Di-0-acetvl-B-D-ervthrofuranosvn-3-r4-chloronhenvh-4-A/- 
20 phenvlaminopvrazolor3.4-d1ovrimidine 

A mixture of 1 ,2,3-tri-O-acetyl-D-erythrofuranose (61 9 mg, 2.5 mmol) 
obtained according to Wine, J.Org.Chem. 57:6, 1772 (1992), 3-(4-chlorophenylH-/V. 
phenylaminopyrazolo[3,4-d]pyrimidine (809 mg, 2.51 mmol.) obtained according to 
the methods in U.S. application Serial No. 08/014,190, and boron trifluoride diethyl 
25 etherate (620 pLj 5 mmol) in nitromethane (20 mL) was refluxed for 1 hour. After 
cooling to room temperature, the reaction mixture was concentrated under reduced 
pressure. The residue was purified by flash chromatography (silica, hexanes/ethyl 
acetate 80/20 to 50/50) to provide the protected nucleoside (625 mg, 49%), Rf=0.2 
(silica, hexanes/ethyl acetate 70/30). 
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Example 39 Preparation of compound of formula 
3-(4-Chlor6phe^ 

A 0-5 M solution of sodium m^ in methanol (2.4 mL* 1.2mmol) 

5 was added to a solution of H2,3<li-0^cetyi-^ 

cftlbrophen^ (308 mg, 0.6 mmol) in 

methanol (10 mL) at 0 °C. After stirring at 0 °C for 30 minutes, the reaction mixture 
was quenched with acetic acid (0.25 mL) and concentrated under reduced pressure. 
The residue was purified by chromatography (silica, dichloromethane/methanoi 96/4 
10 to 90/10). Recrystallization from ethanol afforded the pure product Rf=0.6 f (silica, 
dicfiloro^ 

Example 40 Preparation of (impo und of fbiltiula 4 
, 4-/V^4-Fluorophen^ 
^ erythrofuranosYDpYrrolofa^^lPYrimldine 

15 ; ; 1^ 

synthesis described in Example 32. Thus TOuplihg of 2,3?GHnriethylethylidene)-P -D- 
eiythrofuranose (5.6 g, 35 mmol) with 4W\A{4^udrophen^)jam 
d]pyrimidine (15;9 g, 52.5 mmol) provided the title nucleoside p58 gi 29 %); Rf = 0.5 
(sijica gel, hexan 

20 Example 41 Preparation of compound of formula 1 

4>/V-(4^Fiuorophenyl)amino^5-phenyl-7>(P -D-erythrofuranos y |)p yrro|or2 l 3^ 
d ]pvrimidine: Tabte 1 #^8 

A solution of 4^^44Iuorophenyl)amiho-^ 
P -D^rythfofuranosyOpyrroloI^S^dlpyrimidine (3.26 g) in 70 % aqueous 

25 trifluoroacetic acid (30 mL) was stirred at rt for 1 hour. The reaction mixture was 
concentrated under reduced pressure and azeotroped twice with water and twice with 
ethanol. The residue was purified by chromatography (silica, 
dichloromethane/methanoi 95/5 to 90/10). Recrystallization from ethanol afforded the 
pure product (2.35 g, 79 %); Rf = 0.5 (silica, dichloromethane/methanoi 90/10), m.p. 

30 194-1 95*C. 
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Example 42 Preparation of compound of formula A 
4-Al(4-Fluorophenvltemino-5-f4-flu^ 

ervthrofuranosvnpvrrolor2.3-<ilPvrimidine 

The title compound was synthesized following a procedure analogous to the 
5 synthesis described in Example 32. Thus coupling of 2,3-.Q-(methylethylidene)-P -D- 
erythrofuranose (1 g, 6,2 mmol) with 4-A/-(4-fluorophenyl)amino-5-{4- 
fluorophenyl)pyiToloI2,3-d]pyrimidine (3 g, 9.3 mmol) provided the title nucleoside 
(580 mg, 20 %); Rf = 0.6 (silica gel, hexanes/ethyl acetate 70/30). 

Example 43 Preparation of compound of formula 1 ■ 
10 4^vWnuorbphenv^ 

dlpvrimidine : Table J #29 

The title compound was synthesized fpllowing a procedure analogous to the 

synthesis described in Example 41. Thus 4WV-(4-fluoropheny|)amino-5-(4- 

fluorpphenyl)-7-(2,3-0-(methylethylidene)-|5 -D-erythrofuranosyl)pyrrolo[2,3- 
15 cflpyrimidine (580 mg) provided the title compound (244 mg, 41 %)• Rf = 0.7 (silica 

gel, dichloromethane/methanol 80/20), m.p. 200^202° C. 

Example 44 Preparation of compound of formula 4 

4-A/-f4-ChloroPhenvnamino.5-phenvl-7- t 2.3^0-fmethvlethvlrdene>-B^ 
ervthrofuranosvhpvrrolor2.3-d1pvrimidine 

20 The title compound was synthesized fpllowing a procedure analogous to the 

synthesis described in Example 32. Thus coupling of 2,3-0-(methylethylidene)-p -D- 
erythrofuranose (900 mg, 5.6 mmol) with 4-A/-(4-chlorophenyl)aminp-5- 
phenylpyrrolo[2,3-d]pyrimidine (900 mg, 2.8 mmol) provided the title nucleoside (744 
mg, 57 %); Rf = 0.7 (silica gel,, hexanes/ethyl acetate 70/30). 
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Fxample 45 preparation of compound of formula 1 

^M-ri-Chiorophenvl^amlno-fi-phenvl-y-rB -b^ervthrOfi imno?Yi)PYrroloR.3- 

^PYrimiaine- Table 1 #299 

The titie compound was synthesized following a procedure analogous to the 
synthesis described in Example 41. Thus 4WV^4^lorbphenyDamirio-5-phenyl-7-(2.3- 
0-(methylethylidene)-P -D^rythrofuranosyl)pyrrolo[2,3-dlpyrimidine (744 mg) 
provided the title compound (500 mg, 74 %); Rf = 0.5 (silica gel, 
dichloromethane/methanol 90/10), m.p. 212-213'C. 

example 46 preparation n f compound of formula 4 
4.nh1or 0 ^-ioHrw7-re 3-^^^ 
: gnovrimidine 

The title compound was synthesized following a procedure analogous to the 
synthesis descnbed in Example 32. Thus coupling of 2,3-0-(rnethylethylidene)-p -D- 
< erythfofuranose (3.8 g, 21.8 mmol) with 4^loro^-iodopyrrolol2,3-d]pyrimidine 
(Pudlo, J. S. J; Med. Cern. 1990, 33, 1984, 2.54 g, 10.9 mmol) provided the title 
nucleoside (2.64 g,62 %); Rf = 0.7 (silica gel. hexanes/ethyl acetate 70/30). 

ffyamole 47 Preparatio n of componnri of formula 1 

^mino-5-iodr>-7-/-n -D-ervthrnf l iranosvnb V rrolor2.3-dlPVrimiriine Tab|e 1 #300 

The title obm^ 
syhthesi^ described in Example 21. 
(methylethylidene)^-r^^ 

chromatography (silica gel. dichloromethane/methanol 95/5 to 85/15) and 
crystallization from ethanol the title nucleoside (270 mg, 40 %). m.p. 258°G (dec). 
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Example 48 Preparation of compound of formula * 
W4^^f1.1^imethvlethvl)dim^^ 

(methvlethvlidenelB -D-ervthrQfuranosvnDvrrDlop.3-dlDvrimiriinft 

the title compound v^s synthesized foilowing a procedure analogous to the 
5 synthesis described In Example 32. Thus coupling of 2,3-0-(methylethylldene)-p -D- 
erythrofurahose (1 g. 6.2 mmol); with 4^4-(2^{i,U 
dimethylethyl)dimethylsilyloxy)ethyi)phenyl]amino-5^hen 

(1 g, 2.2 mmol) provided the title nucleoside (551 mg, 42 % ) ; Rf = 0.7 (silica gel, 
hexanes/ethyl acetate 70/30). 

10 Example 49 Preparation of compound of formula 4 
4-^f4-(2*hYdroxyeth^^ 
ervthrofuranosvnDvrrolor2.3-dlpvrimiriinft 

A mixture of tetraethylammonium fluoride hydrate (£66 57? mmol) and 4. 
AA{4^^(1 ,1^imethylethy|)dimethyte 

15 (methylethyi|dene)-p -D^rythrofuranosyl)pyrrolo[2,3-d]pyrimidine (2:7 g, 4.6 mmol) 
in dimewvrformamide (55 mL) was stirred at rt for 18 hours, the reaction mixture was 
concentrated under reduced pressure, diluted in ethyl acetate and washed with 
saturated aqueous ammonium chloride. The aqueous layer was back extracted with 
ethyl acetate and the combined organic extracts were dried over sodium sulfate and 

20 concentrated under reduced pressure. The residue was purified by chromatography 
( s ' ,lca 8 e| . hexanes/ethyl acetate 90/1 0 to 70/30) to give the title compound (2.12 g, 
98 %); Rf = 0.2 (silica gel, hexanes/ethyl acetate 70/30). 

Example 50 Preparatio n of compound of formula 4 
4-AH4^4^omholino)e^ 
25 -D-ervthrofuranosvl^pYrrn| or2.3-d^py rimiri>n ft 

A mixture of 4-A/-[4-(2-hydroxyethyl)phenyl]amino-5-phenyl-7-(2,3-0- 
(methylethylidene)-B -D^rythrofuranosyl)pyrrolo[2,3-d]pyrimidine (158 mg, 3.34 
mmol) and methyl triphenoxyphosphonium iodide (460 mg, 1 mmol) in 
dichloromethane (6 mL) was stirred overnight at rt. The reaction mixture was 
30 quenched with methanol (1 mL) and poured into a 0.5 M solution of sodium 
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thibsulfate and extracted with ethyl acetate. The combined organic extracts were 
washed with water artd saturated aqueous sodium chloride, dried over sodium sulfate 
and concentrated under reduced pressure: The residue was dissolved in dioxane (30 
mL) and morphpiine was added (0 84 mL, 9.6 mmol). The resulting solution was 

- acetate and washed with saturated aqueous ammonium chloride, dried over sodium 
sulfate and concentrated under reduced pressure. The residue was purified by 
chrdrrta^ the title 

cdmpoundi Rf = 0.7 (sHica gel; di^ 

10 Example 51 Preparation of compound of formula 1 

4>A/>r4W2W4^Morpho lino^ethvnphenvl1amino-5>phenvl-7^B-P- 

eivthrofuranosvnpv^olor2 .3<l1pvrimidine: Table 1 #301 

The title compound was synthesized following a procedure analogous to the; 

synthesis described In Example 41. Thus 4-JV-{4-(2-(4- 
15 mprp ^ 

^i^hn^ranp^ 

mg c 1Q: ^ f 
dichloromethane/methanol 90/1 0), m.p. 1 28-1 30° C. 

Example 52 Preparation of cdmbound of formula 4 
20 4W\M4^2^1^4^r^Butvloxvcarto 

O^methvlethvlidene^^ 

The title compound was synthesized following a procedure analogous to the 

synthesis described in Example 50. Thus 4-/V-[4-(2-hydroxyethyl)phenyl]amino-5- 

phenyl^7-(2 l 3-0^(methylethylidiane> : p -D^rythrofuranosyl)pyrrold[2,3-d]pyrimidine 
25 (701 mg, 1 .48 mmpl) and substituting ferf-butyl 1 -piperazihecarboxylate (8$0 mg, 

4.46 mmql) for morpholine provided the title compound; Rf = 0.45 (C18, methandl/0.1 

N hydrochloric acid 50/50). 
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Example 53 Preparation of compound of formula 1 
4-/V-r4-r2W 1^P^ 

erythrofuranosvnpwrolof2.3-d]pvrimidine ^hydrochloride salt : Table 1 #43 

A solution of 4-N - [4 - ( 2 - ( 1 - ( 4 - f e rt - 
5 butyloxycarbonylpiperazinp))ethyl)phenyn 

(methylethylidene)-3-D^iythrofuranosyl)p^ mg)in 70% 

gqu^us trifluoroac^ 

The reaction mixture was concentrated under reduced pressure and azeotroped 
twice with water and twice with ethanol. The residue was purified by HPLC (C18, 
10 50X250 mm, methanol/(0.1 % aqueous trifluoroacetic acid 50/50, 15 mUminute, 
KtaT 260 nm, Rt= 15.7 minutes) and lyophilized to give the title compound (339 mg, 
37 %); Rf - a75 (G18; m^ 
(dec), : • 

Example 54 Preparation of compound of formula 9 

15 Methvt&<^ethv^ 

A solution of methyl^f^^ L. et al. Tetrahedron 

1993, 49(4), 901-910, 2 g, 11.2 mmol) in dimethylformamide (10 mL) was added 
dropwise to a suspension of sodium hydride (60 % in oil, 2.25 g, 563 mmol) in 
dimethylformamide (54 mL). After stirring at rt for 45 minutes, a solution of benzyl 

20 bromide (4 mL, 33.6 mmol) was added dropwise in dimethylformamide (4 mL). The 
reaction mixture was stirred at rt overnight, quenched with methanol and 
concentrated under reduced pressure. The residue was dissolved in ethyl acetate 
and washed with saturated aqueous sodium chloride, the organic layer was dried 
over sodium sulfate and concentrated under reduced pressure. The residue was 

25 purified by flash chromatography ( silica, hexanes/ethyl acetate 70/30 to 50/50) to 
provide the a anomer (2.86 g, 71 %) and the (B anomer (0.86 g, 21 %); cc anomer Rf 
= 0:5, p anomer Rf = 0.4 (silica, hexanes/ethyl acetate 50/50). 
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Sample 55 Preparation of compound of formula 10 
5.6^Qthvl2.3^ 

The title compound was synthesized following a ^ prdoedure analogous to the 
synthesis described in example 1 thus methyTS-C^ 
5 D-ribofuranoside (3.72 g t 10;4 mmol) gave the title compound (3.74 g, 83 %); Rf = 
0.45 (silica, hexanes/ethyl acetate 50/50). 

Example 56 Preparation of compound of formula 1 1 
f3S4RV1^ 

1 0 synthesis described in example 2. Thus 5-0-methyl-2,3^i-CH^^ 

dithian-2^H>-nbo-pentane (3.74 g, 8.61 mmol) gave the title compound (3.32 g, 89 

Example 57 Preparation of compound of formula 12 
4-b-Methoxvmethyl-2.^ 
15 The title compound aa^s synthesized following a procedure analogous ^ 

synthesis described in example 3. Thus (3S, 4R)-1-methoxy-3,4-di- 
[(phenylmethyl)oxy]-&-(1 ,3-dithian-2-yl)pentan-2-one (3- 32 g, 7;67 mmol) gave the 
title compound (1.47 g, 34 %); Rf = 0 45 (silica* hexanes/ethyl acetate 70/30). 

Example 58 Preparation of compound of formula 2 
20 4^(^Metfo 

The title compound was synthesized f ol lowing a procedure analogous to the 
syrrthesis described jh example 4. thus 4^metho>^^ 
(phenylrra^ 

compound (0 91 g, 74 %); Rf = 0.2 (silica, hexanes/ethyl acetate 70/30). 
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Example 59 Preparation of compound of formula 4 

rphenvlmethvlVB -D-ribofuranbsvlY 

The title compound ^s synthesized following a procedure analogous to the 
5 synthesis described i^ 
(phen^m^yl)^D^ 
phenylrpyrrql^ 
mg, 40 %); Rf - ^ 

Example 60 Preparation of compound of formula 1 
10 4^/V^f4vFluordphenvn 

ribofurah6svhPvfrblor2.3^1ovrimidin Table 3 #352 

The title compound vv^as synthesized following a procedure analogous to the 

synthesis described in example 25. Thus 4-A/-(44luoropheny l)amino-^phenyl-7^4-C- 

methoxymethyl-2,3,54ri^ ^ibofuranpsyl)py^ 
15 (0.69 g^ 0.92 mmol)) prby^ the deprotected nucleoside (1 34 mg, 30 %), Rf = 0.4 

(silica, dichloromethane/methahpi m.p. 1 98-1 99 P C. 

Example 61 Preparation of compound of formu la 9 
Methvl ^zido^5^eoxv-D-ribofuranoside 

A solution of methyl S-azido-S-deo^^^-O^methylethylideneJ-D- 

20 ribofuranoside (Browne et al„ U S: Patent Serial No. 08^12,916, 1 5.3 g, 70.3 mmol) 
and para-toluenesulfonic acid monohydrate (0.69 g, 3.6 mmol) in methanol (750 mt) 
was refluxed for 18 hours. The reaction mixture was quenched with pyridine* (8.4 mL, 
10 mmol), concentrated under reduced pressure and purified by flash 
chromatography (silica, hexanes/ethyl acetate 50/50 to 30/70) to provide the title 

25 compound (8.1 9 g, 62 %); Rf = 0.1 5 (silica, hexanes/ethyl acetate 70/30). 
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Example 62 Preparation o f compound of formula 9 

Methvt S^ido^^eoxv-2.3 ^i-Q-fphenvlmethvlV-D-ribofuranoslde 

synthesis described in example 54 Thus methyl 6-azido-&<leoxy-D-ribofuranoside 
5 (8.19 g, 43.3 mmol) gave the title compound as a mixture of a anomer (2.2 g, 14 %) 
and the B anomer (12.46 g, 78 %); B anomer Rf = 0.6, a anomer Rf = 0.4 (silica, 
hexanes/ethyl acetate 70/30). 



10 The title compound was synthesized following a procedure analogous to the 

synthesis described in example 1. Thus methyl 5-aado-5-deoxy-2i3*ii-0- 



g, 90 %), Rf = 0.45 (silica, hexanes/ethyl acetate 70/30). 

Example 64 Preparation of compound of formula 1 1 
15 (3S. 4RV1-Azido-3.4-dl-rtphenvlmethvnoxvV5-f 1 .3-dit hian-2-vnpentan-2-one 

T^ 

synthesis descnbedlh example 2 Thus 5-Azido-5-deoxy-2,3-di-G-(phenylmethyl)r1 - 
(1>3^ithiah-2-yl)-D-nbc-pentane (1 3.48 g, 31 mmol) gave the title compound (9.91 
g, 74 %), Rf = 0,5 (silica, hexanes/ethyl acetate 70/30). 

20 Example 65 Preparation of compound of formula 1 2 

4-C-Azidbmethvi-5^04f4^metho -f 1 -3* 

dithlan-2-vn-D-ffbo-pentane 

The title compound was synthesized following a procedure analogous to the 

synthesis described in example 3: Thus reaction of [((4- 
25 methoxyphenyl)methyl)oxy]methyllithium (prepared using a procedure analogous to 

the one described by Still, W. C. J. Am. Cem. Soc. 1978, 100,1481 for the 
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preparation of [(phenyl 

azi<^,4-di-[(phenylmethyl)oxy3-5-(1 ,3-clithian-2-yl)pentan-2-one (4.02 g, 9.06 mmol) 
gave the title compound (2,07 g, 39 %); Rf = 0.45 (silica, hexanes/ethyl acetate 
70/30). 

Example 66 Preparation of compound of fnrm. ,| a ? 

4-C-A2ldomethYl-5-O-rf4^eth0XVPhenvhmethvn^2.3-d?-runhen^m e th 
; ribofuranose ; - • 

The title compound was synthesized following a procedure analogous to the 
synthesis described in example 4. Thus 4-C-azidomethyl-5-0-[(4- 

(2.07 g, 3.47 mmol) gave the title compound (1.19 g, 68 %); Rf = 0:4 (silica, 
hexanes/ethyl acetate 70/30). 

Example 67 Preparation of compound of formula a 

4./V-(4-F|uorophenvnamino-S-nhftnvl-7^4-C^ 2 ?domethvU5-0-rM- 
methoxvphenYl)methvn-2,3-di-0-fphenvlmethvlvn-n-ribofuranos V |->pvrrnlnpa- 

dipvrimidine 

The title compound was synthesized following a procedure analogous to the 
synthesis described in example 12. Thus coupling of 4-C-a2idomethyl-5-0-[(4- 
methoxyphenyl)meth^2,3Kli-0^phenylmethyl)-^bofuranose (1.19 mg, 2.3 mmol) 
with 4-A/-(fluorophenyl)amino-5-phenylpyrrolo[2,3-d]pyrimidine (2.17 g, 7.1 mmol) 
provided the title nucleoside (656 mg, 35 %); Rf = 0.6 (silica, hexanes/ethyl acetate 
70/30). 

Example 68 Preparation of compound of formula 4 

4-A/-f4-Fluorophenvnamino-5-nh e n vl-7-/4-C-aminomethvl-5-0-r/4- 

P"ethoxyphenvl)methvn-2,3^i-0-rp^ 

dlpvrimldine 

A mixture 4-W-(4-fluorophenyl)amino-5-phenyl-7-(4-C-azidomethyl-5-0-I(4- 
methoxyphenyl)methyl]-2,3-di-0-(phenylmethyl)-p-D-ribofuranosyl)pyrrolo[2.3- 
d]pyrimidine (448 mg, 0.57 mmol) and triphenylphosphine (300 mg, 0.11 mmol) in 
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toluene (30 mL) was refluxed for 2 hours. The reaction mixture vras quenched with 
methanol and reflux was carried oh Tor 30 minutes. After obolihg; the solution-was 



dic^lorpmethahe/meth^ol 95/5) to provide the title compound (284 mg, 65 %)> Rf = 
5 0.4 (silica, dichloro^ 

Example 69 Preparation of compound of formula 1 

ribofuranos\ri)pvrrolo^ dihvdrochloride: Table 3 #392 

lodotrimethylsilane (0.4 mU 28 mmol) was added dropwise to a solution of 4- 
10 A/-(4-fluorophenyl)amino-5-phenyl-7-(4-C-aminomethylr5-0-[(4- 

d]pyrimidine (166 mg, 0.22 mmol) in chloroform (10 friU) at 0? & After stirring at 0° C 
for 40 minutes and rt for 24 hours, the reaction mixture was quenched with methanol 
and concentrated unde 
15 c^rbmiatography (^ 
hydroxide:^ 
ac^65/35^15rr^ 

1 N hydrc^Jort^ the tftle cortippuN 



Example 70 Preparation of compound of formula 4 
20 4^4^luorophenvnamino-^henv^^^ 



2 t 3-Dic^lorch^;6^icyarK>-1 ,4-b0nzbquinbne (122 mg, 0.53 mmol) was added 
to a solution of 4-/V-(4^fluorophenyl)amiho^i3heny!^ 
methoxyphenyl)methyl]-2,3Kli-0-(phenylmethyl)-p-D^ribofura 
25 d]pyrimidine (212 mg, 0.27 mmol) in dichloromethane/water (2/1, 7.5 mL). After 
stirring at rt overnight, the reaction mixture was diluted with ethyl acetate and washed 
with saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride. 
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The organic layer was dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by flash chromatography (silica, hexanes/ethyl 
acetate 70/30) to give the title compound (51 mg, 28 %); Rf = 0.35 (silica, 
hexanes/ethyl acetate 70/30). 

5 Example 71 Preparation of compound of formula 4 
4-/y-{4-Fluorophenvl)amino-S-phenv^ 

methylphenv|)su|fonvn-2,3-di-0-(phenvlmeth V n-6.D-ribofuranos V lVovrro»opa- 
dlpvrimidine 

'-ft pa/a-Toluenesulfonyl chloride (76 mgr0.4 mmol) was added to a solution of 
10 4^4^uorophenyl)amirio^henyl-7^4-C^ 

ribdfuranosyl)pyrrol6[2,3-d]pyrimidine (51 mg, 0.08 mmol), pyridine (0.062 mL, 0.8 
mmol) and4-dimethylaminopyridine (10 mg, 0.08 mmol) in dichloromethane at 0°C. 
After stirring at 0«C for 30 minutes, at rt for 3 days and being refluxed for 2 hours; 
morepa/a-tpluenesuifonyl chloride, pyridine and 4<limethylaminopyridine was added 
15 and the reaction mixture was stirred at rtfor 2 days. Concentration under reduced 
pressure and purification by flash chromatography (silica, hexanes/ethyl acetate 95/5 
to 80/20) gave the title compound (51 mg, 50 %); Rf = 0.5 (silica, hexanes/ethyl 
acetate 70/30). 

Example 72 Preparati on of compound of formulae 

20 4-A/-f4-Fluorophenyl)amino-5-phenvl-7-M-C-s D irof3- a? etidinoV2 3-di-O. 
(phenvlmethvn^-D^nnhrofuranosvl^ovrrolor2.3-dlDvrimidine 

A mixture of 4-/vH4^uoropr«nyl)amino^henyl-7-(4-C^idomethyl^-0-I(4- 
methylphenyOsulfony^.S-di-O^phenylmethyO-p-D-ribofuranosyOpyrrolop.S- 
d]pyrimidine (31 mg, 0.038 mmol) and triphenylphosphine was refluxed for 15 

25 minutes, cooled to rt and concentrated under reduced pressure. The residue was 
purified by flash chromatography (silica, dichloromethane/methanol) to give the title 
compound (22 mg, 94 %); Rf = 0.6 (silica, dichloromethane/methanol/1 % aqueous 
ammonium hydroxide 80/20/1). 
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4r/V*f4vriuoroDhe^ 
erYthrofuranosYl)pYrrolof2 l 3^pyrim1dlpe; 

the title compound was synthesized following a procedure analogous to the 

5 ; 

C^spi^ 

d]pyrimidine (4,8 mg) gave the title compound; RfcO.15 (silica, 
dichloromethane/methanol 80/20); MS, calculated (M+H) = 448.16; found = 448. 

Exapiple74 Preparation of compound of formula 4 
10 4W4(1.1.2-Trimethvlpro^^ 
(methylethvlWeneV^ 

The title compound was synthesized following a procedure analogous to the 
synth^fc^ 

r . eiphrWurart (3.6 g, 22>i6i n^ql) ^^ : ^*P 4^[(1 f 1,2- 

15 trimethylpropyljdime^ylsilyloxymethy 

(5 g, 1 1.3 mmol) provided the title nucleoside (4.21 g* 64 %); Rf = 0.66 (silica, 
hexanes/ethyl acetate 70/30). 

Sample 75 Preparation of compound of formula 4 
4-A/-(Hvdrpwmethyl)Phenyla^ 
20 erYithrofuranosYl)pYrrolof2;3^lpyrim^ ^ 

Triethylammonium fluoride hydrate (36 mg, 0.24 mmol) was added to a 
solution of 4-AAr[(1 ,1 ,24rim^ylpropyl)dimethylsi 

7^2,3-O^methylethylideheH^ (101 mg, 

0.17 mmol) in dimethylformamide (2 mL) at rt After stimng at rt for 30 minutes, the 

25 reaction mixture was concentrated under r^duped preissure. The residue was . 
dissolved in ethyl acetate and washed with saturated aqueous sodium chloride. The 
organic layer was dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by flash chromatography (silica, hexanes/ethyl 
acetate 70/30 to 50/50) to provide the title compound (68 mg, 88 %); Rf = 0.2 (silica, 

30 hexanes/ethyl acetate 70/30). 
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Example 76 Preparation of compound of formula a 

4^Piethylaroinoroe^ 

ervthrofuranosvnpvrrolor2a-d|pvrim.ri. n<a 

Triphenoxyphosphohium iodide (1 g, 2.2 mmol) was added to a solution of 
S 4-/VKhydroxymethyl)phenylami 

erythrofuranosyi)pyrrolo[2,3-dlpyrimidine (500 mg, 1.09 mmol) in dichloromethane 
(4 mL) at it After stirring at rt for 30 minutes, diethylamine (0.46 mL, 4.5 mmol) was 
added and stirrir^ was carried on at rt overnight The reaction mixture was then 
diluted with ethyl acetate and washed with 0.5 N aqueous sodium thiosulfate, 

10 saturated aqueous sodium bicarbonate, water and saturated aqueous sodium ' 
chloride. The organic layer was dried over sodium sulfate and concentrated under 
reduced pressure. The residue was purified by flash chromatography (silica, 
hexanes/ethyl acetate 75/25 to 25/75) to provide the title compound (469 mg, 84 %); 
Rf= 0.1 (silica, hexanes/ethyl acetate 70/30). 

15 Example 77 Preparation of cnrn P r>. jn d of formula 1 

4^Piethyiaminomathyl)phenv^ a. 
dlpyrimidine dihvdrochloride salt: Table 1 asna 

4-AHDiethylaminomethyl)phenylamino-5-phenyl-7-(2,3-0-(methylethylidene)- 
p-D-erythrofuranosyl)pyrrolo[2,3-d]pyrimidine (2 mmol) was dissolved in 70% 

20 aqueous trifluoroacetic acid and stirred at rt for 2 hours. The volatiles were 
evaporated and the residue was coevaporated with water (2X20 mL) and ethanol 
(2X20 mL). The residue was purified by HPLC (C18, 50X250 mm, 
methanol/(water/0.1% trifluoroacetic acid) 50/50), 15 mL/mjnute, KmF 260 nm, Rt= 
23.4 minutes) and lyophilized three times with 0.5 N hydrochloric acid to afford the 

25 P ure Product Rf = 0.3 (silica, dichloromethane/methanol/28% aqueous ammonium 
hydroxide 80/20/1); m.p. 80-140° C (dec). 
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Example 78 Preparation of compoun d of formula 4 
4-fol^4^a/feBu^^ 

5 synthesis d^ 



022 mmol) and tert-butyl 1-piperazinecarboxylate (160 mg, 0.86 mmol) gave the title 

Example 79 Preparation of compound of formula 1 

10 4WSH1^iperazirKDmethVI)phenYlamino^ 
d ipyrimidihe diH 

synthesis described in Example 77. Thus 4-A/-[1-(4-ferf- 
butyloxycarbonylpiperazino)methyl]phenylamino-5-phenyl-7-(2 f 3-0- 
15 (inethylethyH 

cx>mppund; M (M+H) = 486.68; found = 487. 

Example 80 Preparation of compound of fqrmula 4 



20 Diisopropyl azodicarboxylate (0.75 mL, 3;76 mmol) wais added to a clear 

solution of4^24iydro>ye^ 

l>HBrythrofgra .2 g, 2.5 mmol), tHphenylphosphine (1 

g, 3.75 mmol) and phthalimide (560 mg, 3.75 mmol) in tetrahydrpfuran (25 mL) at rt. 
After stirring at rt for 3 hours, the reaction mixture was concentrated under reduced 
25 pressure and the residue was purified by column chromatography (silibai 
hexanes/ethyl acetate 70/30 to 50/510) to give the title compound; Rf = 0.55 (silica, 
hexanes/ethyl acetate 50/50). 



WO 9fi/40705 



PCT/US96/10404 



58 

Example 81 Preparation of compound of formula 4 

4-A/-f2-aminoethvnphenvlamlno-5>phenvl-7-rB-D-ervthrofuranosvnpvrrolor^a- 

dipyrimidine 

A mixture of 4-/V^2-A/i5hthalimidoethyI)phenylamirK)-5^henyl-7-(2,3-0- 
5 (methylethyndeneH^p^iythr^^ (2.76 g, 4.5 mmol) 

and 97% hydrazine (0.8 mL) in ethanol (25 mL) was refluxed for 2 hours After 
cooling tort, the white precipitate that formed during the reaction was filtered off and 
rinsed with ethanol. The combined filtrates were concentrated under reduced 
pressure and the residue was dissolved in 70% aqueous trifluoroacetic acid. After 
10 stirring at rt for 2 hours, the reaction mixture Was concentrated under reduced 
PTes^ure arid azeotroped twfce with water ami tvtfc^ 

purified by column chromatography (silica, dichloromethane/methanol/28% aqueous 
ammonium hydroxide 90/10/1 to 70/30/1) to provide the title compound; Rf = 0.3 
(silica, dichloromethane/methanol 80/20). 

15 Example 82 Preparation of comnnund of formula 1 
4^V-( 2 ^u anidinoethvnphehvl^ 
dlpvrimidine : Table 1 #309 

The title compound is made following the procedure of M. S. Bematowicz ef 
a/. J. Org. Chem. 57, 2497 (1992). 

20 Example 83 Preparation of the Representative Heterocvcles 

Heterocycles. as shown in Scheme 14, are made in the following 

manner. 

A- Preparation of compound of formula 37 r2- Amino-3-cvano^4-phenvlpvrrola^ 
To a solution of phenacyl chloride (500 g, 3.23 M) in dry N,N- 
25 dimethylformamide (600 mL) was added potassium phthalimide, (600 g, 3.23 M) in 
small portions. The resulting mixture was stirred at ambient temperature overnight. 
To this was added malononitrile (256 g, 3.88 M) in one lot followed by a 25 wt % 
solution of sodium methoxide in methanol (744 mL, 3.2 mol). The resulting mixture 



WO 96/40705 




PCT/US96/10404 



was stirred at room temperature overnight. Ice-Water (10.0 L) was added to the 
reaction mixture and stirring was continued at room temperature overnight The 
precipitate formed was collected by filtration and washed With cold water (4.0 L). The 
off-white solid was stirred in toluene (3.0 L) and filtered. The solid was washed with 
toluene (300 mL) and dried under vacuum at 60 C Overnight Yield 298.56 g rap. 
lti2-i74°G. '. 

B - Preparation Qf compound of formula 39 ^5-Phenvl-4-A/-r4- 

fluoroDhenvl>aminopvrro lor2.3-d1pvrimidine'> 

A mixture of the compound of Examlple 39A (296.0 g, 1 .62 mol) and 
thethylortnoformate (3.2 L) was refluxed for 1 h. The triethylorthoformate was distilled 
)^uhder reduced pressure until the pot temperature reached 88° C. To the cooled 
reaction mixture hexane(3.0 L) was added with vigorous stirring: The contents of the 
vessel were cooled to 0° G and tine off-white solid formed was collected by filtration 
and washed with hexane (2x500 mL) and dried under suction. Final drying was done 
in a high vacuum ovea Yield of the 2-etrK>xymethylene-3-<^r»(>-4-phenylpyrrole was 
323.0 g (83%). m.p. 98-1 00° C. 

The above material (100 g, 0.42 mol) was dissolved In 1<2- 
dichlofobenzene. 4-Flubroaniline(60 mL, 0.62 mol) was added and the reaction 
mixture was heated to 125° C forth. An additional 985 mL of 1 ,2-dichlorobenzene 
was added and the reaction temperature was raised to 140° C for 3 h. Upon cooling 
to 0°C the title compound precipitated as a yellow solid which was collected by 
filtration and dned under vacuum. Yield 66.0 g. m.p. 21 5- 21 8° G. 

C. Preparation of co mpound of formula 39 
4-/^-f4-/V.W-Dimethviaminomethvlphenvhamino-5-phenVl-p\^olor^ 

This compound was made by a route similar to Example 39B. Here, 
the flubroaniline was replaced with 4-/V,A/HdimethylaminomeUnylaniline. m.p. 208- 
209°C. . .. . 
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D. Prei^ratibn of Gomob^ 
5-Phenvt^henviaminob™ 

This a route siniilair to Example 39B. Here, 

the fluoroaniline was replaced by aniline. m>p. 208-209° C. 
5 E. Preparation of compound of formula 39 

4-A^4-Fluorophe^ 

This impound was madi by a route similar to 70A, replacing phenacyl 
chloride by 4-fluoropheriacyl chl^ 4-fluoroaniline as 

in example 70B; m;p : 245-248 ° G. 

10 F. Preparation of compound of formula 39 

4~A^4-ChlorophenyJtemto 

This compound was made by a route similar to 70B by replacing 4- 
fluoibanilirte by4^Idroaniline; 

G. Preparation of compound of formula 39 
15 4-/V44-f2-Hvdroxvethvn 

This cbmpound was made by a route similar to 70B by replacing 4- 
fluoroaniline by 4-amihbphenethyl f lpphol; m.p. 206-208 °G 

H Preparation of compounds of formula 42 
Heterocycles as shown in scheme 15, were made according to the procedures 
20 described in Browne et al. U.S. Patent Application Serial No. 08/812/916. 

I. Preparation of compound of formula 39 
4-A/-K1 .1.2-TrimethNdoropvndimahNdsiM 
(jlpyrimidine 

The title compound was prepared by a route similar to 70B by replacing 4- 
25 fluoroaniline by 4-aminobenzyl alcohol followed by silylation with dimethyl thexyl 
chlorosilane; Rf 0.5 (silica, hexanes/ethyl acetate 50/50). 
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Example 84 



0 



L. 



) 



10 



15 



20 



(Representative c^mpbuhds of the invention, whjch can be made 
according to the methods described above, are identffied iri tl^ fbllpwhg tables. With 
5 re^rtii^ pyirimidiri^s 



In one group of preferred compounds A and B are both HOGH 2 ; in 
another, A and B are both hydrogen. G is preferably hydrogen, and E is preferably 
hydi^gen orbiibm 




FORMULA* 



25 



TABLE 1 

C-4^SYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES 


■ ' Y = C . E-G-Z* = Za = H 


A=B=HOCH, 


A= B = 
H 


F ■ 


D • 


1 


27 


phenytamino . 


phenyl 


2 


28 


4-fluorophenylamino 


phenyl .; 


3 


29 


4-fluorophenylamtno 


4^fluorophenyl 


4 


30 


4-fluorophenylamino . 


4-hydroxyphenyl 


5 


31 


4-hydroxyphenylamino 


phenyl 


6 


32 


4-hydroxymethylphenylamlno 


phenyl 


7 


33 


4-fluorophenylamino 


*pyridyl 


8 


34 


3-pyridylamlno 


phenyl 


9 


35 


phenylmethylamino 


phenyl 


10 


36 


4-<dimethylaminomethyl) phenytamino 


phenyl 
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TABLE 1 










C-4'-SYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES 












15 


A=B=H0CH 2 


A=B= 
H 


F 






11 


37 


4-(W;W-diethylethyiehed 
ethyO-phenytamino 


phenyl 




12 


38 


4-fluorophenylamino 


4-(2<limethylaminoethy0phenyt ! 




13 


39 


4-cyanophenylamlno 


phenyl r 






40 


4-fluoropheriylam!nb 


4-cyanophenyl 


5 


15 


41 


4 - (2 -dim e thy la m i n o ethyl 
carbamoyl) phenylamino 


phenyl 




16 


42 


4-(4-morphofinomethyl) phenyl amino 


phenyl 




17 


43 


4-(2«<1 ^pera2ino)et)^phenylamih 


phenyl 




A ft 
■ « 


A A 

44 


4-fluorophenylamino 


4-(1 -piperazlnomethyOphenyl 


10 


19 


45 


T^\®.U».«V » K*U IIUU/|JI ICI lyiclllHilU 


phenyl 


20 


46 


4- ( AM r i f I u o r 6 m-e th a n e s u If o riy 1 
amino^phenylamino 


phenyl 




21 


47 ; 


4-fiuorophenylamino 


4-(AMrifluoromethanesulfonylamr 
phenyl 






Aft 


4-guantainopnenyiamino 


phenyl 




23 


49 


4-fluorophenyiamino 






24 


50 


4-(guanidinomethy0phenylamino 


phenyl 


15 


25 


51 


4-amidinpphen>iamino 


phenyl 




26 


52 


4-flMorophenylammo 


4ramldinophenyl 




267 


299 


4-chlorophenylamino 


phenyl 




268 


300 


amino 


iodo 




269 


301 


morphpllno)ethyl)phenylamino 


phenyl 


20 


270 


302 


4-flubrophenyi 


4-{2-(1-piperazino)ethyl)phenyl 




271 


303 


4-(diethylaminomethyDphenylaminp 


phenyl 




272 


304 


4-(1-piperazInomethyI)phenylamino) 


phenyl 




273 


305 


4-(1-piperidinoethy0phenylamfno 


phenyl 




274 


306 


4^1-pynolklmoethyOpherTylamino 


phenyl 


25 


275 


307 


4-(diethy!cartoxamido)phenylamino 


phenyl 




276 


308 


4-(guanIcfinocarbony0phenylamino 


phenyl 




277 


309 


4-(2-guankfinoethy0phenylamino 


phenyl 
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TABLE 1 

C4'-SYM METRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES 





H :: 






278 




4-(1 HMperazinoacet^phenylamin^ > 


phenyl •■■ 


■ : 278;..y- ; Uy : 




4-(guanidinoacetyl)phenylamino 


phenyl 






4-(2-(1-tetrazolyQethy0phenylamino 


phenyl 




313 


4-fluorophenylamlno 


4-(6-tetrazotylmethyl)phenyl 


282 


314 


4-(1-trfazoly1methy0phenyIamlno 


phenyl 




315 


4-(1 -cmidazolytmethyOphenylamino 


phenyl ; ^/U;-W:;:;;y 






4^methoxyphenylani^ 


phenyl • 




317 


4-ethoxyphenylamlno 


phenVl 


286 


318 


4-(methytethy!)oxyphenylamlno 


phenyl 


287 


319 


3-methoxyphenylamino 


phenyl 


288 


320 


4-fluorophenyiamino 


4-methoxypheny! 


289 


321 


4-fluorophenylamlno 


3-ethoxyphenyl 


290 


322 


4-methoxyphenylamlno 


4-methoxyphenyl 


;2Jl:;-r;': ; i|:;<:--- 


i3»;\:t : : 


4-ethoxyphenylamino 


3-methoxyphenyl 


292 


3^;;-; : : ; ' : 


3,4-methylenedioxyphenylanrilno 


phenyl 




325 


4-ethoxyphenylamino 


4^eth^pheny1 


■ 294:; 


326 


4-methylphenylamino 


phenyl 


' ; i95 ; ' . 


327 


3-ethyjamihophenytamino 


phenyl 


296 




4^(methylethyl)phenylamlno 


phenyl 


297 


329 


4^uorophehylam^ 


4-methyl 


298 


330 


4-fluorophenyl 


3-guantdinophenyl 


447 


467 


3,4-<jimethoxypheny!amino 


phenyl 


448 


468 


3,4,5-trimethoxyphenytamlno 


phenyl 


449 


469 


4-fluorophenylamino 


3,4-dlmethoxyphenyl 


450 


470 


4-fluorophenytamino 


3,4-ethylenedioxyphenyl 


451 


471 


4-(2-methoxyethyloxy)phenytarnino 


phenyl 


452 


472 


3-ethoxy-4-fluorophenylamino 


phenyl 
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TABLE 1 

C-^-SYMMETRIGALLY SUBSTITUTED PYRROLO PYRIMI DINE NUCLEOSIDES 


Y = C E = 0 = 2, -Zj = H 


A=B=HOCH 2 


A«B=H 


F ; 


D 


453 


47? 


3-arninophenyIamino 


phenyl 


454 


474 


3-amino-4-fiuorophenylamino 


phenyl 


45$ 


475 


4-fluorophenylamino 


3^amlnophenyl 


456 


476 


3^*y laminophenyiamiho 


phenyl 


457 


477 


3-diethylaminophenylamino 


phenyl 


458 


478 


4-fluorophenylamino 


cyclohexyl 


459 


479 


S-benzimidazplylamino 


phenyl 


460 


480 


4-(2- 

diethylaminoethyloxy)pheiytamino 


phenyl 


461 


481 


4^2^rbo^thyl)phenylamino 


phenyl 


462 


482 


4-{2-carboxyetheny!)phenylamino 


phenyl 


463 


483 


4^rboxypheny 


phenyl 


464 


484 


4-fIuorophenyl 


4-(2-carboxyethenyl)phenyl 


465 


485 


4-{«rboxymethyl)phenylamino 


phenyl 


466 


486 


4-(2-/Vt 

aminpguanidihoethyOphenylamino 


phenyl 



When E Is bromine and A and B are both HOCH 2 a preferred compound is one where 
1 5 (53) F is 4-fluorophenylamino and D Is phenyl. Using the same definitions for D, E, F, Q ( and Z,, Z*. 
another preferred compound is one where (54) A and B are both hydrogen. 

Example 7? 

Representative C-4' Unsvmmetricallv Substituted Pvrrolb Pvrimidin e Nucleosides 

Other prefered pyrolo pyrimidine compounds of the invention are those where A and 
20 B are not the same, as shown in Tables 2 and 3. 



TABLE 2 








C-4--UNSYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES 


Y = C E = G = 2 1 =2 2 =H 


A=HOCH t 
B=CH, 


B=HOCH, 
A=CH, 


F 


D 


55 


81 


phenylamino 


phenyl 
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TABLE 2 

C^^NSYMMCTRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES 


Y = t EsQaZ, =2, = H 


A=HOCHj 


B=HOCH, 
A=CHj : 


F 


b 




82 


4-fluorophenylamino 


phenyl 


57 in 




4-fluorophenylamino 


4-fluorophenyl 






4-fluorophenylamino 


4-hydroxyphenyl 


: ; :5?J|> 




4-hydroxyphenylamino 


pheriyi 


60 


86 


4-hydroxymethylphenylamlno 


4-fluorophenyl 


J61|".;\'; 




4-fluorophenylamlno • 


3-pyridyl 




oo 
OO 


v~^iyi tuy ldi tin iu : 


; phenyl ' 


;.QO : :;; 




: : nhAhvlm^thvlamVrio''". • 

: .; LH | vl 1 Y II J iy IC»t 1 III IU 


phenyl- • 


e&A " 


on 


• : A^rfiriSiithvliamihiri^ ' 
*t*\mu i resu iy ioi J iiuwi i icu iy iy 

phenylamino 


phenyl 


65 ' ; ; 


I 'm. ~ 


4^W;AWiethyleth^ 
ethyl)phenylamino 


phenyl 


66 ; 


92 


4-fluorophehylamino 


dirhethyiaminoethyl)phenyl 


67 


:?;93: 


4^cyandphenylamino 


phenyl 


68 


94 


4-fluorophenylamino 


4^-cyanophenyl 


69 


95 


4^2^iniethy laminoethyl 
carbambyO-iphenylamino 


phenyl 


70V 


96 


4-{4wTK>iphblinbme^ 


phenyl 


71 


97 


4^2-(1-pi^r^ino)ethyl)pheriylarnino 


■phenyl 


72 


98 


4-fluorophenylamiho 


a-{ i r p iperazin o metny i jpneny i . 


73 


99 


4-(sulfonamido)phenylamino 


phenyl 


74 


100 


4^(A/-trifluoromethanesulfonyl 
amino)-phenylamlno 


phenyl 


75 


101 


4-fluorbphenylamino 


4-(A/-trffluoromethane-sulfbny 
1 amino)phenyl 


76 


102 


4-guanidinophenylamino : : 


phenyl 


77 


103 


4-fluorqphenylammo 


: 4^tianidinophenyl 


78 


104 


4-{guanidinpmethyl)phenylamirio 


phenyl 


79 


105 


4-amidinbphenyiaminb 


phenyl 


80 


106. 


4-fluorophenylamino 


4-amidinophenyi 



When E is bromine, A is HOCH 2 and B is CH 3 , a preferred compound is one 
where (107) F is 4-fluorophenylamino and D is phenyl. Using the same definitions 
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for D, E, F, G, and 2,, Z*- another preferred compound is one where (108) A is CH 3 
and Bis HOCHj. 



Example 77 

Additional C-4' Unsvmmetricallv Substituted Pvrroto Pvrimidine Nuclesides 

Still other prefered pyrolo pyrimidine compounds of the invention are 
those where one of A and B is CH 3 and the other is CI^NHj, or one of A and B is 
methoxymethyl or CH 2 OH, or one of A and B irCFg OH and CH. NH. as shown in 
Table 3. 



TABLE 3 

MORE C-4'-UNSYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE 
NUCLEOSIDES 



Y = C E«G = Z, =Z, =H 



BsHjNCHj 


AF^NCHa 




D 


109 


128 


phenylamirio 


phenyl 


110 


129 


4-chlorophenylamino 


phenyl 


111 


130 


4-fluorophenylamino 


4-fluorophenyl 


112 


131 


4-fluorophenylamino 


4-hydroxyphenyl 


113 


132 


4-hydroxyphenylamino 


phenyl 


114 


133 


44iydroxymethylphenylamin 

0 


phenyl 


115 


134 


phenytamino 


3-pyridyl 


116 


135 


3-pyridylamino 


phenyl 


117 


136 


phenylmethylamino 


phenyl 


118 


137 


4-cyanophenylamino 


phenyl 


119 


138 


4-fluorophenylamino 


4-cyanophenyl 


120 


139 


4- caifcamoylphenylamfno 


phenyl 


121 


140 


4-(sulfonamido)phenylamino 


phenyl 


122 


141 


4r(AMrffluoromethanesulfony 
I amino)phenylamlno 


phenyl 


123 


142 


phenytamino 


4-(AMrifluoromethanesulfonytamin 
o) phenyl 


124 


143 


4-guanidinophenylamino 


phenyl 


125 


144 


4-fluorophenylamino 


4-guanidinpphenyl 


126 


145 


4-amtdinophenylamino 


phenyl 



WO 96/40705 



67 



PCT/US96/10404 



0 



TABLE 3 








MORE (MMJNSYMMETTOCALLY SUBSTITUTED PYRROLO PYRIMIDINE 
NUCLEOSIDES J.:V* ■ 






> v..= c E = q = zv = z^* 


H ..... 


B=H,NCH 8 


AFHiNCH, 
B=CH, \J f 




: : p.;. : - ;; :: ' : * 


127- 


146 


: 4^ubrp^henylam1nb 


4-amidinophenyl 


:;:331Ih^:>:.f:S;- 


332'- 


; 4-fiuorophenytamino ' 


phenyl 




D=wH,UCH 2 


F 


o •' 


333 


353 


; : pneni^rnlno : 


phenyl 


!:334 


354 


4-chloro phenylamino 


phenyl 


335 < 


355 


4-fluorophenylamino 


4rfluorb phenyl 


336 


356 


4-fluorophenyiamino 


4-hydroxyphenyl 


;337/'.' ; ; r ;; 


357 


4^ydrbxyphehylamino 


phenyl 


338 


358 


4-hydroxyrriethylphehylanriin 

" "v" - 


phenyl j 


339 


359 


phenylamino 


3-pyridyl 




360 


3^-pyridylamino 


phenyl 


<341;;v 


36t 


phenylmethyiamirid 




342 


362 


4-<^nopheri^ 


phenyl 


343 


363 


4-fluorophenytamino 


4-cyanophenyl 


344 


364 


4- carbamoylphenylamlno 


phenyl 


;345-:/- ; : . : . 


365! 


4-(suffona mkJo)phenylamino 


phenyl 


346 


366 


4-(AMrffluoromethanesutfohy 
1 amino)phenyiamlno 


phenyl 


347 


367 


phenylamino 


4r<A^trifiuoromethahesulf6hyiamih 


348 


368 


4-guanidinophenylamlno 


phenyl 


349 


369 


4-fluorophenylamino 


4-guanidinophenyl 


350 


370 


4-amidlnophenylamino 


phenyl 


351 


371 


4-fluorophenyiamlno 


4-amidinophehyl 


352.. 


372 


4-fiuorophenylamlno 


phenyl 


AfH^NCH, 
B=HOCH 4 


A=HOCH 2 
B=HjNCH a 


F 




373 


393 


phenylamino 


phenyl 


374 


394 


4-chlorpphenytamino 


phenyl 


375 


395 


4-fluorophenylamino 


4-fluorophenyl 


376 


396 


4-fluorophenytamlno 


4-hydroxyphenyi 
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AeHgNCH, 
B^HOCHa 


A«HOCH 2 
B^HjNCHj 


F 


0 


377 


.. ....... 

397 


4-hydroxyphenylamino 


phenyl 


378 


398 


4-bydroxymethylphenylamin 
p 


phenyl 


379 


399 


phenyiamtno 


3-pyridyl 


380 


400 


3-pyridylamino 


phenyl 


381 


401 


phenylmethytamlno 


phenyl 


382 


402 


4-cyanophenylamino 


phenyl 


383 


403 


4-fluorophenylamino 


4-cyanophenyl - 


384 


404 


4- carbamoylphenylamino 


phenyl : : • • 


385 


405 


4-(sulfonamido)phenylamlno 


phenyl 


386 


406 


4-(Attrifluoromethanesulfony 
I amino)pheny!amino 


phenyl 


387 


407 


phenyiamtno 


4-(A/-trifiuoromethanesulfonylamin 
o) phenyl 


388 


408 


4-guanidinophenyIamiho 


phenyl 


389 


409 


4-fluorophenylamino 


4-guanidinophenyl 


390 


410 


4-amidinophenylarnfno 


phenyl 


391 


411 


4-fluorophenylamino 


4-amidinophenyl 


392 


412 


4-fluorophenylamino 


phenyl 



When E is bromine, A is NHjGHj arid B is CH,, a preferred compound 
is one where (147) F is 4-fluorophenylamino and p is phenyl. Using the same 
definitions for D f E, F, G, and Z^, another preferred compound is one where (148) 
20 A is CH 3 and B is NH 2 CH 2 . 

Example 78 

Representative C-4' Spirocvclic Pvrrolo Pvrimidine Nucleosides 

A and B can together form a cyclopropyl ring. Prefered pyrolo 
compounds of this kind, where E, G, and Zj are all hydrogen, are shown in Table 
25 4. 



TABLE 4 C-4* SPIROCYCUC PYRROLO PYRIMIDINE NUCLEOSIDES 




A & B FORM A RING Y = C 


£ = 0 = 2, =22 = H 




F 


D 


149 


phenyiamtno 


Phenyl 


150 


4-fluorophenytamlno 


phenyl 
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TABLE 4 C-4 f SPIROCYCUC PYRROLO PYRIMID1NE NUCLEOSIDES 


A & B FORM A RING Y = C E = G = Z, = = H 




F 


D • ' . ^ 


151 


4-fluorophenylamino 


•Htiuoropnenyi 


152 


4-fiuorophenylamino 


4-nydroxypnenyi 


153 


4-hydroxyphenylamino 


phenyl 


154 


4^ydrpxymethylphenylaminp 


4-fluoro phenyl 




4-fiuorophenylamtno 


3-pyridyl 


156 


3-pyridylamino 


phenyl 


157 


tphehytmethylamln • 


phenyl 




4^dlmethyiamlnomethyDphenylamino 


phenyl 


::,159:l; 


4^W,A/<liethylethylenediamlnoethy0phenyl 
amino 


phenyl 




4^fliibrophenylamIno 


4^2^lmeth^aminoethy^ 


MS 


4-cyanophenylamino 


phenyl 


162 


i 4-fludirbj^ : 


4-cyanophenyl 


• 163- 


4-{2^imethylaminoethyl carbamoyl)- 
phenylamino 


phenyl 


164 


4-{4^orpholinomethyl)phenylam]no 


phenyl 


165 


4.(2^1 -pl^ra^6)ethyDpKenylamino 


phenyl 


166 


4-fluorophenylamino 


4-(1-piperazihomethyDpheny1 


167 


4^(sulfbnamido)phenylarhino 


phenyl 


168 


4-(AW^ 
amino 


phenyl 


169 


4-fluorophenyigmino 


; phenyl . 


170 


4-guanidinophenyiamino 


phenyl 


171 


4-fluorophenylamlno 


^uahidinophenyl 


172 


4^feuanIdlnomethypphenylamino 


phenyl 


173 


4-amidinophenylamino 


phenyl 


174 


4-fluorophenylamino 


4-amidinophenyi 


175 


amino 


lodo 



TABLE 4a 






C-4' SPIROAZETIDINO PYRROLOPYRIMIDINE NUCLEOSIDES 




Y = C E*.Q«-Zi =Zj 


= H 


A&B Form a ring 


F 


0 


containing a nitrogen 






413 


phenytamlno 


phenyl 


414 


4-fluorophenylamino 


phenyl 
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TABLE 4a 

C-4' SPIROAZETIDINO PYRROLOPYRIMIDINE NUCLEOSIDES 




L . Y = C E = G = Z, = Zj =H 


30 


A &B Form a ring 
containing a nitrogen: 


F - ' 


0 




415 


4-fluorophenylamlno 


4-fluorophenyl 




4ie ; 


4-fluorophenyiamino 


4-hydroxyphenyf 




417 


4-hydroxyphenylamino 


phenyl 




418 


4-hydroxymethytphenylamino 


phenyl 


5 


419 


phenylamino 


3-pyrfdyl 




420 


3-pyridylamIno 


phenyl 




421 


phenytmethytamlno 


phenyl 




. 422 


4-cyanophenylamino 


phenyl 


10 


V 423 V :: 


4-fluorophenylamino 


4-cyanophenyl 


424 


4- cait^moyiphenylamlno 


phenyl 




425 


4-(suffonamido)phenylamino 


phenyl 




426 


4-(A^trifluoromethanesu!fonyf 
amino)phenylamino 


phenyl 




427 


phenylamino 


4-(AMrifluoromethanesulfonylamin 
p) phenyl 




428 


4-fluanidinophenylamlno 


phenyl 


15 


429 


4-fluorophenylamino 


4-guanfdinophenyl 




430 


4-amidinpphenytamino 


phenyl 




431 ] 


4-fluorophenylamino 


4-amidinophenyl 



When E is bromine, and A and B form a cyclopropyl ring, a preferred 
compound is one where (176) F is 4-fluorophenylamino and D is phenyl. 

20 Example 79 

Representative C-4' Symmetric ally Substituted Pvrazolo Pvrimidine Nucleosides 
An additional group of prefered compound are the pyrazolo pyrimidines, 
where Y is nitrogen and E is nothing. Representative gem pvrazolo compounds, 
where A and B are the same (in this case both hydrogen) are shown in Table 5. 
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TABLE 5 


Y b N G = ^ « Zz = H 


A=B=H 


F :'• ■ ; v, ; 


p 


;;177^ 


pheny!amlno 


phenyl 




4-fluonophenylamlno 


phenyl 


.179 S-i •:>;£:< 


4-fluorophenylamlno 


4^uor6phenyl 




4-fluorophenylamlno 


4~hydroxyphenyl 


?M^:.v:^!:. : .::,::v : 


4-hydroxyphenylamlno 


phenyl 


i ai .V . 


44vydipxym^ 


4-fluorophenyl 




4-fluorophenylamfno 


3-pyridyl 




3-pyridylamino 


phenyl 


185 


phenylmethylamino 


phenyl 


186 


4^d!mettylam"uiom 


phenyl 


187 


4^A/,/^ethy!ethylenediamlnoetnyO 
phenylamino 


phenyl' 


188 


4-fluorophenylamlno 


^^9_rIimothvHamInn<afhvnnhfinvl 

;«i^*TQimvinyiQiTiiii v.v.u ij VH* 


189 


4-cyanophenyla mino 


pnenyi: . ; 


190 


4-fluorophenylamino 


«*-cya no pnenyi 


191 


4r(2^UTietnyiaiTiinpeinyi 
carbamoyOrPhenyia^ 


pnenyi ;•. 


192 


4^(4Hmorf^dIihqm^ 


phenyl 


193 


4^^1-piperazin6)^ 


phenyl 


194 


4-fluorophenylamino 


4-{1 -pipe razinom ethyl) phenyl 


195 


4Ksulfonamldo)phenylamlno 


phenyl 


196 


4KAf-trifludrbmethahesulfonylamlno) 
phenylamino 


phenyl 


197 


4-fluorophenylamino 


4KA/-tnfluoromethanesulfonylamino) 
phenyl 


198 


4-guanldinophenylamlno 


phenyl ,k 


199 


4-fluorophenylamlno 


4-guanidinophenyl 


200 


4-(guanWinomethyl)phenylamino 


phenyl 


201 


4-amidino phe nyl a mlh o 


phenyl 


202 


4-fluorophenylamlno 


4-amidinophenyl 


432 


phenylamino 


4-chlorophenyl 


433 


4-methoxyphenylamino 


phenyl 


434 


4-ethoxypheny)amiho 


phenyl 


435 


4-<methy!ethY0qw^^ 


phenyl 
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C-4* SYMMETRICALLY SUBSTITUTED PYRAZOLO PYRIMIDINE NUCLEOSIDES 




Y«= N G = Z. = Z. = 


u 


A=B=H 


F 


D 


436 


3-methoxyphenylamino 


phenyl 


437 


4-fluorophenylamino 


4-methoxyphenyi 


438,,;?;.: 


4-fluorophenylamtno 


3-ethoxyphenyl 


439 


4-methoxyphenylamino 


4-methoxyphenyl 


440 


4-ethoxyphenylamino 


3-methoxyphenyl 


441 


3,4-methylenedioxyphenylamino 


pheiiyl 


442 


4-ethoxyphenylamlno 


4-methylphenyl 


443 


4-methylphenylamino 


phenyl 


444 


3-ethylaminopheny!amino 


phenyl 


445; 


4-(methylethyI)phenylamino 


phenyl 


446 


4-fluorophenylamino 


4-methyl 



Example 80 

C-4' Unsvmmetricallv Substituted Pvrazolo Pvrimldine Nucleosides 

Still other prefered pyrazolo pyrimidine compounds of the invention are 
1 5 those where one of A and B is CH 3 and the other is H 2 NCH 2l as shown in Table 6. 



25 



TABLE 6 








CM' UNSYMMETRICALLY SUBSTITUTED PYRAZOLO PYRIMIDINE 
NUCLEOSIDES 






Y = N G = Z, =^ = 


H 


A=CH, 
B=H 2 NCH 


A=H,NCH 
r B=CH, 


F 


D 


203 


222 


phenytamino 


phenyl 


204 


223 


4-fluorophenylammo 


phenyl 


205 


224 


4-fluorophenylamino 


4-fluorophenyl 


206 


225 


4-fluorophenylamino 


4-hydroxyphenyl 


207 


226 . 


4-hydroxyphenytamino 


phenyl 


208 


227 


4-hydroxymethylphenylamino 


phenyl 
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TABLE 6 

C-4' UNSYMMETRICALLY SUBSTITUTED PYRAZOLO. PYRIN! IDINE 
NUCLEOSIDES 



Y=N G = 2, = =H 



B=H,NCH 
i 


A=14 MCM 
M— n^nlV^ri 


""*•• C: .'••'V ■ ; .X >VVV. : -v ' : ' .■ ' ' ' 






228 • ; 


4-fluorophenylamIno 




i21Qt : :'' ; /:--:: : -v; 






4-fluoro phenyl 


211 , 


230 


phenylmethyla mino :. 


i::.PnSliyi: : :. ; 


212 


231 


4Kry3nophenytamIno : ' y frT\Z 


phenyl 


213 


232 . 


4^rbamoylphehytanrU^ 


phenyl 


<2jl4':: . 


233 , 




4-cyanophenyi; .• 




;234 :V r': : ;'i- ;: ; 


4-(sutfonamldo)phenylamlno 


phenyl 


216 :• 




4-(/WrtfluoromethanesuIfonyl 
amlno)-phenylamino 


phenyl 


217 


236 


4-fluorphenylamino 


4-(AMrifluoromethanesulfonylamin 


218 


237 


4-guanidinophenylamino 


phenyl 


218 


238 .'; 


4-fluorophenylamino 


4-guanidinophenyl 


220 


239 


4^rnldinopheny1amlno 


phenyl 


221 - 


240 


4-fluorophenyiamino 


4-amidlnophenyiamlno 



Example 81 . ■ 

Representative C-4' SDirocvclic Pvrazolo Pvrimidine Nucleosides 

A and B can together form a cyclopropyl ring. Preferred pyrazolo 
pyrimidine nucleosides of this kind, where G, Z, and Zj are all hydrogen, are shown 
intablet. 



TABLE 7 C-4 f SPIROCYCUC PYRAZOLO PYRIMIDINE NUCLEOSIDES . 


A & B FORM A RING Y = N (3=^=^^ 




F - 


D 


241 


phenylamino 


phenyl 


242 


4-fluorophenytamino 


phenyl 


243 


phenylamino. 


4-chlororo phenyl 


244 


4-fluorophenytamino 


4-hydroxyphenyl 


245 


4-hydroxyphenyiamino . . 


phenyl 


246 


4-methoxyphenylamino 


phenyl 
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TABLE 7 C-4* SPIROCYCUC PYRAZOLO PYRIMIDINE NUCLEOSIDES 


20 




A & B FORM A RING V = N 


G = Z, =22 =H 






F . 


b ^ 




247 


4-hydroxymethylphenyiamino 


phenyl ] 




248 


4-fluorophenyiamino 


3-pyrtdyl 




249 


w™pyi luyidi iiu iu 


phenyl 




250 


• rvh^nvH m^thvHa mi nn ■ 


phenyl 






*H\aimeuiyiaminoui6Uiyi^pnen : 


phenyl 




■ 


*"v#v, /vKiieuiyieiny ten eaiaminoetnyi; 
phenyiamino 


phenyl 




253 


4-fIudrophenylamino 


4-(2<nmethyiaminoethyl)phenyl j 




OKA 


#-yyan opnenyiamino 


phenyl 




255 


4-fIuorophenytamino 


4-cyano phenyl 


10 


256 


4^^ime^amlnoe^y!carbamoyl)- 
pnenyiamino 


phenyl 






m orp n o un orn e tny i j pnenyiamino 


phenyl 






^rv^^^^pisraano; etnyi; pnenyiamino 


phenyl 




259 


4-fluorophenylamino 


i^iperemnomeinyijpnenyi 




260 


4-(suifonamido) phenyiamino 


phenyl 


15 


261 


4KA/-trifluoromethanesulfonylamino) 
phenyiamino 


phenyl 




262 


4-fluorophenyiamino 


4-(AA-trifluoromethanesulfonylamIno) 
phenyl 




263 


4-guanidinophenylamino 


phenyl 




264 


4-fluorophenyiamino 


4-guanidlnophenyl 




265 


4*<^uan!dinpmethy0phenyfamiho 


phenyl 


20 


266 


4-amklihoph^nylamino 


phenyl 



UTILITY 

The adenosine kinase inhibitors of the present invention may be used 
in the treatment of a variety of clinical situations where increasing local levels of 
adenosine are beneficial. The compounds of the invention act as potent inhibitors 
25 of adenosine kinase in vitro, and the present compounds in particular are orally 
available. 

Adenosine has been proposed to serve as a natural anticonvulsant. 
Compounds of the present invention which enhance adenosine levels are useful in 
seizure disorders, as shown in animal models of seizures detailed below. Adenosine 
30 kinase inhibitors may be used in the treatment of patients with seizures or epilepsy 
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or patients who might have chronic low or insufficient adenosine levels or might 
benefit from increased adenosine such as those suffering from autism, cerebral 
palsy* jh^mnia or 

Adenosine kinase inhibitors of to^ 
5 treatment of acute pain* including but not limited to perioperative, post-surgical, and 
end-stage cancer pain. Compounds of the invention are also useful In controlling 
chronic pain; including but not limited to pain caused by arthritis, cancer, trigeminal 
neuralgia, multiple Sclerosis, neuropathies such as those arising from diabetes and 
AIDS and in addition, lower back pain and phantom limb pain. Treatment of acute 
10 and chronic pain can be treated by administration of the compounds of the invention 
in a systemic or oraVfashiort, as illustrated by animal models detaN^ 

Adenosine has been reported to be an endogenous modulator of 
inflammation by VirW 

macroptiage, lymphocyte and platelet junction. The com^urtds of this iriventibn may 
15 therefore; be used in treaty co 

prevalent such as arthritis, reperfusion injury, and other ihflanroatbry disorders. 

The compounds of the invention are also useful in the treatment of 
chronic neurodegenerative disease, such as Alzheimer's disease, Parkinson's 
disease, ALS, Huntington's disease, and AIDS dementia 
20 stroke and central nervous System ("CNS") trauma are conditions 

where tissue injury results from reduced blood supply to the CNS and are thus 
amenable to ah intervention that provides increased ievels of adenosine to the 
compromised tissue. It is reported that a significant component of the 
neurodegeneration resulting from stroke or CNS trauma is caused by increased 
25 excitatory amino acid release and sensitivity, which results in neurons being 
stimulated to death. In addition to vasodilator/ properties, adenosine has been 
reported to inhibit release of excitatory amino acids (Burke and Nadler J. 
Neurochem., 1988, 51:1541) and responsiveness of neurons to excitatiOrt! The 
compounds of this invention, which increase adenosine levels, may also be used ih 
30 the treatment of conditions where release of or sensitivity to excitatory amino acids 
is implicated. 
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To assist in understanding the present inventions and especially their properties and 
utilities, the results of a series of experiments are also included. These experiments demonstrated that 



a number of compounds of the preset invention were potent inhibitors of a purified cardiac adenosine 
kinase. Certain adenosine kinase inhibitors were found to inhibit seizures and exhibit antiinflammatory 
activity in well-established animal models. Tlie results of these experiments are shown in Table 8. 



TABLE 8 UTILITY OF REPRESENTATIVE COMPOUNDS 


# 


Name 


(ICo) AK 
Inhibition 
(nM) 


Carrageenan Paw (%inh) 


Anticonvulsant 
Activity (MES) 
Lp. (mg/kg) 






1 


4W-PhenyIamino-5-phenyl«7r(4^ 
hydroxymethyM^-O- 
ribofuranosyllpyrroloI^S-dlpynmidine 
{nip. 232 C) 


1-2 




■ , -3 


>too 


150 


4-N-(4-Ruoropheny!)amino*5iihenyi- 
7-l^spirocydopropyMrO- 
erythrofuranosyl)pyrrolo 
f2^dlDvrinidine (mjL 142 CI 


aa 


80 


/ IB • 


023 


175 


4*Amtoo*5-iodo7-<4-£' 
spirocyciopropyl#D- 
erythrofaranosy1)pyiTOto[2*3* 
d]pyrimidine <iop. 232 C) 


600 








81 


4^Wenyla|rino«5iihenyl-7^4-^- 
methyi-fi^p-ribfuranosyl) pyrrolol2£- 
cQpyiirnidne (nvp. 211-213 C) 


2000 








64 


. 4-W4*0)imethylamino 
methyl)phenyaamino-5i)henyl-7-(4-^- 
methyi-B-D-lyxofurano5yI)pyrroloI2,3- 
(Qpyrinrudine (m.p. 205*206 C) 


70 






>5.0 


27 


4^-Phenyiamino-5phenyl7-{/S-0- 
erythrofurana$yl)pyrrolo[2,3- 
cflpyrirnldine (nvp. 21 0^21 C) 


4 


12 


44 


<5.0 


372 


4^#Ruorophenyiyarhino-5«phenyl« 
7-W^-methoxyntethyl^O* 
lyxofuranosyI)pyrro!oti3- 
(Qpyrimidine (rap. 205*206 C) 


24 






>5.0 


352 


4*4^(4-Ftuoropheny0amino-5-phenyl« 
7-{4-C-methoxyni8thyl-W)- 
ribofuranosyDpyrroIoI^-dlpyrimidine 
(nip. 198-199 C) 


400 
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TABLE 8 UT1UTY OF REPRESENTATIVE COMPOUNDS 



0 


Name . 


flC«J AK 


Carrageehan Paw (Kinh) 


Anticonvulsant 
Activity (MES) 
l.p (mglkg) 






Inhibition 

m " 








4-W4-nuoroph8nylJairino i 5iihe^l- 
7-W-ran*iom8thyl-b -0- 
nTiohiranosylipyrroloB^sflpyrintidine 
dihydrocHoride (ntpi 200-220 C : 
dec) 










432 


3^4-ChlorophenylM -(W)- 
erythrbfuranosylK^ 
phenylaminopyrazoloD^dlpyrimldlne 
bap. 194-195 C) 


Hjfa- y; 








28 


4^(4fluoropheriyl)amiho^i)henYt- 
y^-erythrotirranosyllpyiToloIW- 
(flpyrimldine (ntp. 194-195 0 


28 




52 


<5;0 


29 


4W44-Ruoropheny0aminO'5<(4« 
iflubrtphew^ 
erythrofuranosyipyrrolo^^ 
djpyrtmidine (ntp. 200-202 C) 


45 


20 


46 




299 


4-*V-(4-Chlorophenyl)aniIno*5«phenyl- 
7«(b-0-erythrofuranosyl)pyrro!oiZ3- 
(Qpynmidine (m.p. 212-213 C) 


40 


; . 28 . .. 


20 




300 


4-Anino-5-iodo-7-(b-0- 
dlpyrimidine (ntp. 258 C (dec)) 




'91:: ; -i'-v 






301 


Morpholino)ethyl)phenyl]amino -5- 
phenyl-?- 

(b*0*erythrofurano5yl)pyiTolot2 # 3- 
dlpyrimidine (iap. 128-130 C) 


1 


39 


21 




43 


Piperaano)ethyl)phenyQamino-5- 
ph^T-tfMfc 

erythrofuranosy!)pyrrololZ3- 
dlpyrimidine trlhydrochldride (nip. 
150-180 (dec)) 


3.5 


34 


65 
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AK INHIBITION 

Adenosine kinase activity was measured essentially as described by 
Yamada etal. (Yamada, Y., Goto, H., Ogasawara, N. (1988) Biochim. Biophys. Acta 
660, 36-43.) with a few minor modifications. Assay mixtures contained 50 mM TRIS- 
5 maleate buffer, pH 7 0, 0.1% BSA, 1 mM ATP 1 ttiM MgCI 2 , 0.5 /M [U- 14 C] 
adenosine (400-600 mCi/mmol) and varying duplicate concentrations of inhibitor. 
The reactions were initiated by addition of approximately 0.1 fAi partially purified pig 
heart adenosine kinase or recombinant human adenosine kinase (Spychala, J. et al., 
PfOC.Natl.Acad.Sd. USA 93, 1232-1237, (1996)), where one unit is defined as that 

10 amount of enzyme required to phosphorylate 1 f/mo\ adenosine per minute. The [ ) 

reactions were incubated for 20 minutes at 37*C. The assay was quenched upon 
spotting 30 /d_ aliquots onto 2 cm 2 pieces of Whatman DE81 anion exchange paper. 
The papersquares were washed for 3 minutes in 6 L distilled/deionized water to 
remove the unreacted adenosine. The washed squares were rinsed in 95% ethanol 

15 and dried in an oven at 100°G for 10 minutes. The amount of 14 C-AMP was 
quantified by scintillation counting, The concentration of inhibitor required to inhibit 
50% of the adenosine kinase activity (ICg,) was determined graphically. The results 
for representative adenosine kinase inhibitors of the invention are shown in Table 8. 

ANTICONVULSANT ACTIVITY 

20 The anticonvulsant activity of the tested compounds was evaluated in > 

male SA rats (100-1 50g, Simonsen) using the maximal electroshock (MES) model 
described in Swinyard et al., Antiepileptic Drugs, 3d Ed. at 85-1 02 (Levy, et al., eds.), 
NY: Raven Press (1989). The rats were maintained on a 12/12 light/dark cycle in 
temperature controlled facilities with free access to food and water. For p.o. 

25 administration, the animals are fasted overnight, prior to the experiment. One hour 
prior to seizure testing, the animals were injected interperitoneally (ip) or orally (per 
os, po) with one of various doses of test compound dissolved in DMSO or PEG 400. 

Maximal electroshock seizures (MES) were induced by administering 
a 150 mA, 60 Hz current for 0.2 seconds via corneal electrodes using a Wahlquist 
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Model H stimulator. The endpoint measurement was suppression of hind limb tonic 
extension (HTE), which was judged to occur when any hind; leg extension did not 
exceed a 90 degree angle with the plane of the body. HTE suppression of this kind 
indicates that the test compound has the ability to inhibit seizures, in theory by 
5 inhibiting seizure propagation and spread, if not by raising the seizure threshold (/.©. 
preventing seizure potential). This endpoint was expressed as the percentage of 
animals in which the response was inhibited. Typically, compounds were screened 
initially at one hour following a dose of 5 mg/kg ip r In some leases, the effective dose 
at which ^ response 
10 curve. T^ compounds of the inventibn^^a^^ set forth in Table 

8, expressed as ED^ values. For compounds where the EDg, was hot calculated, the 
result is listed as >5 if HTE was inhibited in fewer than 50% of the animals in the intial 
screen, or <5 if HTE was inhibited in more than 50% of the animals in the intial 
.v'sen%eh>v ;:: 7:'-^ ^■"■': k C : ^;:?^' A ?t'^ : -. v ; 

15 ANTI-INFLAMM ATORY ACTIVITY 

Carrageenan (Type X) was suspended in sterile PBS at 1% (w/v), 
autbclavedfor 30 minutes, and stored at room temperature Rats were pretreated 
with vehicle or AK inhibitor (10 mg/kg) by oral gavage or i.p. administration and the 
volume of the left hind paw was measured using a water displacement 

20 plethysmometer (Stoelting Co., Wood Dale, IL). One hour after oral treatment or 30 
minutes after i.p. treatment, the rats were briefly anaesthetized, and 0.1 ml of the 
carrageenan solution was injected subcutaneously into the planar; surface left 
hind paw. The ensuing paw swelling was measured by plethysmometry after 3 
hours. The paw volume in milliliters was subtracted from the pre-injectipn paw 

25 volume. Data are presented in Table, 8 as the percent inhibition of paw swelling in 
AK inhibitor treated animals, compared to vehicle treated control animals, 
Rosengren et al., J. Immunology 1 54: 5444-51 (1995): 



30 



LIVER TOXICITY 
Female SA rats (150^200 g) were anesthetized with halothane and 
cannulated via the internal jugular vein. The animals were allowed to recover for 3 
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days. At this time, 37.5 umol/kg of an AK inhibitor was dissolved in 75% 
PEG400/25% saline and infused through the jugular catheter over 40 minutes. 
Twelve hours later, an additional 37.5 pmol kg was infused over 40 minutes (total 
dose = 75 pmol/kg). Twelve hours after the second dose, the animals were 
5 anesthetized with halothane and exsanguinated through the descending aorta. 
Serum was prepared and liver enzymes (serum glutamic-oxaloacetic transaminase 
(SGOT), serum glutamic-pyruvic transaminase (SGPT)) and total bilirubin in tie 
serum samples were determined by a commercial laboratory. Results are shown in 
. table 9. ' ; - . . . . 



1 TABLE 9: 


AVERAGE SERUM 


I CONTENT OF SG 


OT, SGPT AND TOTAL BILIRUBIN 




# animals 


sgot ; 

(UAnL) 


SGPT 
(UAnL) 


Total Bilirubin 
(UAnL) 


1 :■ • 


2 


65 


53 


0.1 


150 


. . 2*r. v , 


560 




: ■: 1*58 . 


27 


5 


114 


41 


0.14 


28 


4 


61 


23 


0.07 


29 


4 


130 


30 


0.16 


43 


5 


99 


58 


0.1 



RAT SKIN LESION MODEL 

Rat.skin lesions were induced as In Rosengren et al., J. Immunology 

20 154: 5444-51 (1995). The dorsal skin of male SA rats was shaved and carrageenan 
(Type A) or phosphate-buffered saline was injected intradermal ly. Three hours later, 
the injection sites were biopsied and weighed. Neutrophil content of the skin biopsies 
was measured as the quantity of myeloperoxidase (MPO) present in a tissue 
homogenate. The excised, weighed skin pieces were placed in 4 ml 0.5% mixed alkyl 

25 trimethyiammonium bromide and homogenized at the highest speed for 1 5 seconds 
in a Polytron homogenizer (Brinkmann Instruments, Westbury, NY). Lipids were 
extracted by adding 1 ml of dichloromethane to the homogenate, vortexing 



WO 96/40705 



PCIYUS96/10404 



81 



vigorously, and centrifuging at lOOOg, 5°C for 15 miit Rfty /A of each supernatant was added in 
duplicate to a 96 well assay plate, along with dilutions of human myeloperoxidase standard. Potassium 
phosphate buffer (pH 6.1) containing 0.36 mg/ml of o-dianisicfine dihydrochloride and 0.001% hydrogen 

5 peroxide was added (200 /AM), and the absorbance at 450 nnv was read after 5 min incubation at 
room temperature, the myeloperoxidase content of each skin piece was calculated from a standard curve 
constructed using least-square regression, and expressed as units of MPO/g of tissue. 

AKiifi^ intraperitoneally 
using dimethylsulfoxide as vehicle, at indicated time before skin lesion injection. For each experiment; the 

10 average of all values from saline-induced lesions was calculated. This basePme value was then subtracted 



from these baseline-corrected values. The results are shown in Table 10. 



15 



) 20 



25 



TABLE 10 i Inhibition of neutrophil accumulation in rat skin lesions induced by carrageenan 



# 


# animals 


Route 


Protro jrtmoirt TifiiR - 
ricucauiuiiii .i uiic 

(min) 


Dose (mglkg) 


% inhibition 


SEM 


27 


5 




30 


3 ... 


/; 2 


14 


i7 


5 


' : " 


30 


id 


59 


7 • ■ 


27 


5 


I*. 


30 


30 


89 


2 


27 


. ::*v : : 


Lp. 


60 


•.•:;:10-. 


60 


■4-- 


27 


' 4 . 


i-P- 


120 


io ; 


14 


6 


27 


'H . 


Lp. 


180 


10 


2 


• • 26 


27 


4 , 


ip. 


240 


10 


0 




27 


4 


I.p. 


360 


10 


0 




28 


4 


Lp. 


30 


3 


18 


10 


28 


12 


Lp. 


30 


10 


62 


* * 5 


28 


4 


Lp. 


30 


30 


79 


11 


28 


8 


i-P- 


60 


10 


49 


7 


28 


8 


i-P- 


120 


10 


60 


4 
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28 


8 


i-P- 


120 


10 


60 


4 


28 


8 


»-P- 


240 


10 


28 


8 


28 


8 


p.o. 


60 


10 


28 


11 


28 


25 


p.* 


60 


■ V s .-';20 : ' ■■ ; >. ; 


40 




28 


10 




120 


20 




4 






p«o. 


■ x4U • ■ 


; 20 : 






28 


8 


p.0. 


420 


20 


V 20 


18 


/29; 


4 




: .r-:- 


10 


0 




29 


4 


P-o- 


60 


20 


26 


15 


29 


3 




60 


30 


40 


14 



ADJUVANT ARTHRITIS 

Heat-killed Mycobacterium butyricum was ground to a find powder and suspended in 
heavy mineral oil at 10 mg/mt The suspension was injected stAcutaneously into the base of the tail of 
male Lewis rats at 0.1 ml per rat. This immunization procedure induces an agressive arthritis that is 
apparent at day 10-12 and rapidly worsens. The volumes of the hind paws were measured before 
immunization and on days 12, 15 and 20 after immunization. The baseline paw volume was subtracted 
from the arthritic volumes fo yield paw swelling. AK inhibitors were given by daily oral gavage beginning 
on day 4 after immunization, using polyethylene glycol-400 as the vehicle. Control rats received vehicle 
only. Percent inhibition was calculated based on paw swelling in AK inhibitor treated group compared to 
vehicle treated group, and is reported in Table 11. 







TABLE 11: PERCENT INHIBITION 


# 


Dose 
(mg/kg) 


% inh at day 12 


% inh at day 15 


% inh at day 20 


28 


10 


29 ± 7 


22 ± 4 




28 


20 


52 ± 23 


52 ± 22 


40 ± 8 
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■ chRMALIN PAW ' .-■ 

; In this assay, ihjedion of formalin, an irritant; into the hindpaw of rats 
typically evokes a biphasic response of pain-related behaviors. Phase 1 of the 
response which is brief, lasting approximately 0 - 5 mill post-injection, is followed by 
5 a mdreiprolohged phase 2, lasting approximately 10 - 80 min post-injection. Phase 
1 behavior is thought to be a direct effect of the irritant on nociceptors at the injection 
sjti^fr mediated 
by sensitization of neuronal elements within the spinal cord. Studies from other 
laboratories have found the first portion of Phase 2 (sometimes referred to as Phase 
10 2a) to be most responsive to pharmacological manipulation. 

Rats (male, Simonsen) weighing between 1 00 - 200 g, are used in the 
present experiments. For screening purposes drugs are administered orally 90 min 
prior to initiation of formalin test At designated intervals the animals in groups of A 
are placed individually in a small animal restrainer with the right hindpaw accessible 
15 through a hole in the bottom of the restrainer. The formalin paw assay is initiated by 
the injection using a 30G needie of 50 pi of a 5% formalin solution in saline into the 
right plantar surface of each hindpaw. The rat is then immediately placed in a 
separate plexiglass box and scoring (described below) of the animal's behavior is 
begun at 1 .7 min after formalin injection. The instantaneous behavior of each animal 
20 in a group of 4 was observed and assigned a score once in each 20 second interval; 
This sequence is repeated over a 30 min period. The scoring protocol is an 
adaptation of the method published by Dubuisson and Dennis (Pain 4:161 -174, 
1977) which assigns a score from 6 - 3 as follows: 

0 - no discernible favoring of injected paw, weight evenly distributed 
25 1 - injected paw is favored, rests lightly on floor 

2 - injected paw is elevated 

3 - injected paw is vigorously licked, bitten or shake 

Scores are continuously recorded directly onto an Excel spreadsheet. 
For comparative examination of drug effects the data is reported in two different 
30 ways: 1) the scores are summed for Phase 1 (1.7 - 5 min post-formalin) and for 
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Phase 2 (10.3 - 30 min post-formalin) and the mean values of the sums are determined from 6 different 
animals with results expressed as % inh&ition compared to vehicle control 2) the total number of 
incidences specifically of licking/biting behavior is summed over Phase 2 and mean values determined from 
6 different animals with results expressed as % inhibition compared to vehicle control. Results are shown 
in Table 12. 



0 



IN VIVO AC 


TABLE 12 

T1VITY OF SELECTED AKIS IN RATS IN THE FORMALIN PAW MODEL 


Example f 


% Inhibition 
Phas8 1 
Composite score 


% Inhibition 
Phase 2 
Composite score 


% tnhftftion Phase Z 
Ucta'ng/biting . 


■ 27 ■ 


25.5 


47.6 


' 77.5 




9.2 : 


37.4 




•; 2? ^ " 


244 


35.1 


■ ' 67J& ' ' 



FORMULATIONS 

5 Compounds of the invention are administered to the affected tissue at the rate of from 

0.1 to 200 nmole/min/kg, preferably from 1 to 50 nmol/min/kg. Such rates are easily maintained when 
soluble compounds are intravenously administered as discussed below. When other methods are used 
{e.g., oral administration), use of time-release preparations to control the rate of release of the active 
ingredient may be preferred. These compounds are administered in a dose of about 0.01 mg/kg/day to 

D about 100 mg/kg/day, preferably from about 0.1 mg/kg/day to about 10 mg/kg/day. 

For the purposes of this invention, the compounds of the invention may be administered 
by a variety of means including orally, parenterally, by inhalation spray, topically, or rectally in 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles. 
The term parenteral as used herein includes subcutaneous, intravenous, intramuscular, and intraarterial 

5 injections with a variety of infusion techniques. Intraarterial and intravenous injection as used herein 
includes administration through catheters. Preferred for certain indications are methods of administration 
which allow rapid access to the tissue or 



SUBSTITUTE SHEET (RULE 26) 



WO96/40705 



85 



PCT/US96/10404 



0 



oipan being treaty, such as intravenous Injections for the treatment of myocardial 
infarction. VVhen an organ out^de a body perfusion is preferred, 

Pharmaceutical compositions containing the active ingredient may be 
in #iy form suitable for the intended rpethbd of administration. VVhen used for oral 
5 use for example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible 
powders or granules, emulsions, hard or soft capsules, syrups or elixirs may be 
prepared. Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical compositions and 
such compositions may contain one or more agents including those from the group 

10 

agints; lri.;6^ 

ingredient in admixture with non-toxic pharmaceutical^ acceptable e^fcipiei^^^ii^ 
are suitable for manufacture of tablets are acceptable. These excipients may be, for 
example, inert diltieft^ 
15 calcium phosphate or sodium phosphate; granulating and disintegrating agents, such 
as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and 
lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be 
unc^fed ^ 
d6Iay;dta 

20 a sustained action over a longer period. For ex^ple, a :^me delay material su 

glyceryl mbriostearate or glyceryl distearate alone or with a wax may be employed. 

Formulations for oral use may be also presented as hard gelatin 
capsules wherein the active ingredient is mixed with an inert solid diluent, for 
example calcium phosphate or kaolin, or as soft gelatin capsules wherein the active 

25 ingredient is mixed with water or an oi I medium, such as peanut oil, liquid paraffin or 
olive oil. 

Aqueous suspensions of the invention contain the active materials in 
admixture with excipients suitable for the manufacture of aqueous suspensions. 
Such excipients include a suspending agent, such as sodium carboxymethylcellulose, 
30 methylcellulose, t^roxypropylmethylcelluose, sodium alginate, polyvinylpyrrolidone, 
gum tragacanth and gum acacia, and dispersing or wetting agents such as a 
naturally occurring phosphatide (e.g.* lecithin), a condensation product of an alkytene 
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oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of 
ethylene oxide with a long chain aliphatic alcohol (e.g., heptadeaethyleneoxycetanoi), 
a condensation product of ethylene oxide with a partial ester derived from a fatty acid 
and a hexitol anhydride (e.g., polyoxyethylene sorbitan mono-oleate). The aqueous 
5 suspension may also contain one or more preservative such as ethyl of n-propyl p- 
hydroxybenzoate, one or more coloring agent, one or npiore flavoring agent and one 
or more sweetening agent, such as sucrose or ^c^arin 

Oil suspensions may be formulated by suspending the active ingredient 
in a vegetable oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a 

10 mineral pil such as licjuid paraffin. The oral suspensions may contain a thickening 
agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as 
those set ^ flavoring agents may be added to provide a palatable oral 

preparation. These compositions may be preserved by the addition of an antioxidant 
such as ascorbic acieL 

15 Dispersible powders and granules of the invention suitable for 

preparation of art aqueous suspension by the addition of water provide the active 
ingredient in admixture with a dispersing or wetting agent, a suspending agent, and 
one or more preservatives. Suitable dispersing or wetting agents and suspending 
agents are exemplified by those disclosed above. Additional excipients, for example 

20 sweetening, flavoring and coloring agents, may also be present 

The pharmaceutical compositions of the invention may also be in ttue 
form of piHn-water emulsions. The oily phase may be a vegetable oil, such as olive 
oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable 
emulsifying agents include naturally-occurring gums, such as gum acacia and gum 

25 tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or 
partial esters derived from fatty acids arid hexitol anhydrides, such as sorbitan mono- 
oleate, and condensation products of these partial esters with ethylene oxide, such 
as polyoxyethylene sorbitan mono-oleate. The emulsion may also contain 
sweetening and flavoring agents. 

30 Syrups and elixirs may be formulated with sweetening agents, such as 

glycerol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative, a flavoring or a coloring agent. 
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The phanriaceuticalc^ of the invention may be in the form 

of a sterile injectable preparation, sudiasi a sterile injectable aqueous or oleaginous 
suspension. This suspension may be formulated according to the known art using 
those suitable dispersing or wetting agents and suspending agents which have been 

5 mentioned above:; 

solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, such 
as a solution in 1,3-butanediol or prepared as a lyophylized powder. Among the 
acceptable vehicles and solvents that may be employed are water, Ringer's solution 
and isotonic sodium chloride solution. In addition, sterile fixed oils may 

10 conventionally be employed as a solvent or suspending medium. For this purpose 
any bland fixed oil may be employed including synthetic mono- or diglycerides. In 
addition; fetty acids such as oleic acid may likewise he used in the preparation of 
injectables. 

The amount of active ingredient that may be combined with the carrier 
1 5 material to produce a single dosage form will vary depending upon the host treated 
and the particular mode of administration. For example, a time-release formulation 
intended for oral administration to humans may contain 20 to 1000 ^moles of active 
material compounded with an appropriate and convenient amount of carrier material 
which 5 to about 95% of the total compositions. It is preferred 

20 that pharmaceutical composition be prepared which provides easily measurable 
amountsyfor administration. For example, an aqueous solution intended for 
intravenous infusion should contain from about 0.1 to about 15 /arnoles of the active 
ingredient per ML of solution so that infusion of a suitable volume at a rate Of about 
30 mL/hr can occur. 

25 As noted above, formulations of the present invention suitable for oral 

administration may be presented as discrete units such as capsules, cachets or 
tablets each containing a predetermined amount of the active ingredient- as a pcwder; 
or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or 
as an oiMn-water liquid emulsion or a water-in-oil liquid emulsion. The active 

30 ingredient may also be administered as a bolus, electuary or paste; 

A tablet may be made by compression or molding, optionally with one 
or more accessory ingredients. Compressed tablets may be prepared by 
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compressing in a suitable machine the active ingredient in a free-flowing form such 
as a powder or granules, optionally mixed with a binder (e.g.. povidone, gelatin, 
hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant 
fe.o.. sodium starch glycolate, cross-linked povidone, cross-linked sodium 
5 carbbxymethyl cellulose) surface-active or dispersing agent. Molded tablets may be 
made by molding in a suitable machine a mixture of the powdered compound 
moistened with an inert liquid diluent. The tablets may optionally be coated or scored 
and may be formulated so as to provide slow or controlled release of the active 
ingredient therein using, for example, hydroxypropylmethyl cellulose in varying 

10 proportions to provide the desired release profile. Tablets may optionally be provided 
with an enteric coating, to provide release in parts of the gut other than the stomach. 
This is particularly advantageous with the compounds of formula (I) as such 
compounds are susceptible to acid hydrolysis. 

Formulations suitable for topical administration in the mouth include 

15 lozenges comprising the active ingredient in a flavored basis, usually sucrose and 
acacia or tragacanth; pastilles comprising the active ingredient in an inert basis such 
as gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the 
active ingredient in a suitable liquid carrier. Formulations for rectal administration 
may be presented as a suppository with a suitable base comprising for example 

20 cocoa butter or a salicylate. 

Formulations suitable for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in 
addition to the ddPN ingredient such carriers as are known in the art to be 
appropriate. 

25 Formations suitable for parenteral administration include aqueous and 

non-aqueous isotonic sterile injection solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes which render the formation isotonic with the blood 
of the intended recipient; and aqueous and non-aqueous sterile suspensions which 
may include suspending agents and thickening agents. The formulations may be 

30 presented in unit-dose or multi-dose sealed containers, for example, ampoules and 
vials, and may be sorted in a freeze-dried (lyophilized) condition requiring only the 
addition of the sterile liquid carrier, for example water for injections, immediately prior 
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to use .Extemporaneous injection solutions and suspensions may be prepared from 
sterile powders, granules and tablets of the kind previously described. 

Preferred unit dosage formulations are those containing a daily dose 
or unit, daily Sub-dose, or an appropriate fraction thereof; of an adenosine kinase 
5 inhibitor compound. It will be understood, however, that the specific dose level for 
any particular patient will depend on a variety of factors Including the activity of the 
specific compound employed; the age, body weight, general health, sex and diet of 
thi individual ^Iri^ of 
excfetipi^^ 

10 the particular disease undefgding therapy, as is w^ skilled in 

the art. 

: Capsules comprising adenosine kinase inhibitors suitable for dral 
administration according to the methods of the present invention may be prepared 
as follows: (1) for a 10,000 capsule preparation: 1500 g of adenosine kinase inhibitor 
15 isblen^ 

are suitable for administration depending on dose, from about 4 Capsules per day (1 
per 6 hours) to about 8 capsules per day (2 capsules per 6 hours), to an adult 
human, 

The compounds of this invention and their preparation and use can be 
20 understood further by the representative examples above^ which illustrate the various 
aspects of the invention Without limiting its scope. 
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WE CLAIM: 

i . C-^-modified pyrrolo[2,3-d] and pyrazolo[3,4-d] pyrimidine nucleoside 
analogs of Formula 1 




FORMULA 1 
wherein: ■ " : > ; :> 

A and B are both hydrogen, or are each independently alkenyl, the group 
(CH 2 ) n Q, where n is from 1 to 4 and Q is hydrogen, hydroxy, alkyl, alkoxy, amino, 
azido, or halogen; or A and B together form a ring of from 3 to 6 carbons, the ring 
containing 0 to 3 heteroatoms selected from oxygen and nitrogen and optionally 
substituted by Q as defined above; 

D is halogen, aryl, aralkyl, alkyl, alkenyl, alkynyl optionally containing one or 
more heteroatoms such as nitrogen, oxygen or sulfur, haloalkyl, cyano, or 
carboxamido; 

E is nothing when Y is nitrogen; and is hydrogen, halogen, or alkyl when Y is 
carbon; 

F is alkyl, aryl, aralkyl, halogen, amino, alkylamino, arylamino, arall^lamino, 
alkoxy, aryloxy, aralkyloxy, alkylthio, arylthio, aralkylthio; 
G is hydrogen or halogen; 
Y is carbon or nitrogen; 
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Zy and Z^arp independently hydro acyl, ortaken together form ai cyclic 
barbohate; : 

and pharmac»uti6aliy acceptable salts thereof . 

2. A compound 

3, A c6m^ 

4i : Aro 

5. A cbhipburKT^ the same* but are not 
both methyl. 

6. A compound of any of claims 1 --3 where A and B are both hydrogen 

7^A^ 

8. A qDmpound of any pf claims; 1^ cyano; or 
CQNRR', where R and R- are independently hydrogen or alkyL 

9. A compound cf any of claims 1-3 where F is amino, afylamino.halogen or 

alkyL;-- , : J^^:)'^}^- v"*:..- ' 

10. A compound of claim 1 , where G and each Z are hydrogen. 

1 1. A compound of claim 2, where E, G, and each Z are hydrogen. 

12. A compound of claim 3, where G and each Z are hydrogen. 

13. A compound of any of claims 1 0-12 where A and B are the same. 
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14. A compound of any of claims 10-12 where A and B are the same, but are 
not both methyl. 

15. A compound of any of claims 10-12 where A and B are both hydrogen. 

16. A compound of any of claims 10-12 where A and B are different. 
1 7; A compound of any of claims 10-12 where D is aryl. 

18. A cpmpoynd of any of claims 1 0-12 where F is arylamino. 

19. A compound of and of claims 1-3 where F is arylamino and D is aryl. 

20. A compound of any of claims 10-12 where F is arylamino and D is aryl. 

21. A compound of claim 1, where A and B together form a ring of 3 to 6 
cartoons, the ring containing 0 to 3 heteroatoms selected from oxygen and nitrogen 
and optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or 
halogen. 

22. A compound of claim 2, where A and B together form a ring of 3 to 6 
carbons, the ring containing 0 to 3 heteroatoms selected from oxygen and nitrogen 
and optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or 
halogen. 

23. A compound of claim 3, where A and B together form a ring of 3 to 6 
carbons, a ring containing 0 to 3 heteroatoms selected from oxygen and nitrogen and 
optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or halogen. 

24. A compound according to any of claims 21 and 23, where G and each Z 
are hydrogen. 
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25. A compound ac^rdihg to d^m 

26. A compound according to any of claims 21-23, where at least one of F is 
arylamino and D is airy!. 

27 Acpfnj^^ 
Disaryl. 

28. A compound of claim 1 ; where A and B are independently HOCH 2 or CH 3l 

; proyicl 

29; A compound of claim 2, where A and B are iridependently HO G Hi or GH3 
provided fc>ot^ arenbt GH^ 

30. A compound of daim 3^ whefe 
provided both A and B are not GH3. 

31. A compound of claim 2$, where F is pheriylamino optionaH 

at any position by halogen, hydip^' al toxy, perhalo Iow0r aikyl, c^rboxamido, amino, 
cyano or lower alkyl, and D is phenyl optionally substituted iat any position by 
halogen; hydroxy, alkoxy, peff^ 
alkyl. • 

32. A compound of claim 29, where F is phenylamino Optionally substituted 
at any position by halogen, hydroxy, alkoxy, perhalo lower alky!, carboxamido, amino* 
cyano or lower alkyl, and D is phenyl optionally substituted at any position by 
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower 
alkyl- 
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33. A compound of claim 30, where F is phenylamino optionally substituted 
at any petition by halogen, hydroxy, a^ alkyl^ carboxamidp, amino, 
cyano or lower alkyl, and D is phenyl optionally substituted at any position by 
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower 
alkyl. 

34. A compound of claim 21, where F is phenylamino optionally substituted 
at any position by halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, 
cyano or lower alkyl, and D is phenyl optionally substituted at any position by 
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower 
alkyl- 

35. A compound of claim 22, where F is phenylamino optionally substituted 
at any position by halogen, hydros, alkoxy, perhalo lower all^, carboxamido, amino, 
cyano or lower alkyl, and D is phenyl optionally substituted at any position by 
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower 
alkyl. 

36. A compound of claim 23, where F is phenylamino optionally substituted 
at any position by halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, 
cyano or lower alkyl, and D is phenyl optionally substituted at any position by 
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower 
alkyh 

37. A compound according to any of claims 28-36 where G and each Z are 
hydrogen. 

38. A compound according to any of claims 28, 29, 31 , 32, 34, and 35 where 
E, G, and each 2 are hydrogen. 

39. A compound of claim 35, where D is phenyl and F is phenylamino 
substituted at any position by halogen or alkoxy. 
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40. A compound of claim 36, where D is phenyl and F is phenylamino 
substituted at any position by halogen or alkoxy: 

41 . A compound of any of claims 1-3 where D is halogen or aryl. 

; 42. 

43. A compound of any of claims 1-3 where F is amino or arylamino. 



45. A compound of claim 6 where D is a 
46, 

47. A compound of claim 6 where D is aryl and F is arylamino. 

48. A compound of claim 1 5 where D is aryl. 
49, 

50. A compound of claim 15 where D is aryl and F is arylamino. 



51. 

position by 1 to 2 substituents chosen independently from halogen, lower alkyl, 
amino, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, (CH 2 ) r T where r is from 0 
to 3 and T is an alkyl chain of 0 to 16 carbon atoms containing one or more heterp 
atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, guanidino, 
acyl guanidino, cyclic derivatives of amidino, guanidino, amihoguanidino, 5 or 6 
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membered ring containing at least one basic nitrogen and optionally one or more 
oxygen atoms, and optionally substituted by GONW where V and V* are 
independently an alkyl chain, at least one of which contains one or more basic 
nitrogen atoms and optionally oxygen atoms, or V and V together form a 6 
membered ring containing at least one basic nitrogen. 

52. A compound of claim 6 where F is is phenylamino optionally substituted 
at any position by 1 to 2 substituents chosen independently from halogen, lower alkyl, 
amino, hydroxy, alkoxy, perhalo lower a|kyl, carboxamido, (CH 2 j f T where r is from 0 
tb3 and T is ah alkyl chain of 0 to 16 carbon atoms containing one or more hetero 
atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, guanidino, 
acyl guanidino, cyclic derivatives of amidino, guanidino, aminoguanidino, 5 or 6 
membered ring containing at least one basic nitrogen and optionally one or more 
oxygen atoms, and optionally substituted by CONNA/* where V and V are 
independently an alkyl chain, at least one of which contains one or more basic 
nitrogen atoms and optionally oxygen atoms, or V and V together form a 6 
membered ring containing at least one basic nitrogen. 

53. A compound of claim 6 where D is phenyl and F is phenylamino and 
both are optionally and independently substituted at any position by 1 to 2 
substituents chosen independently from halogen, lower alkyl, amino, hydroxy, alkoxy, 
perhalo lower alkyl, carboxamido, (CH^T where r is from 0 to 3 and T is an alkyl 
chain of 0 to 16 carbon atoms containing one or more hetero atoms, N-sulfonylated 
amino, amidoximo, N-aminoguanidino, amidino, guanidino, acyl guanidino, cyclic 
derivatives of amidino, guanidino, aminoguanidino, 5 or 6 membered ring containing 
at least one basic nitrogen and optionally one or more oxygen atoms, and optionally 
substituted by CONW where V and V are independently an alkyl chain, at least one 
of which contains one or more basic nitrogen atoms and optionally oxygen atoms, or 
V and V together form a 6 membered ring containing at least one basic nitrogen. 
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54. A compound of claim 1 5 where D is phenyl optionally substituted at any 
position by 1 to 2 substituents chbsen independently from halogen, lower alkyl, 
amino, hydroxy* alkoxy, perhalo lower alkyl, ca^faoxamido, (CH^ r T where r is from 0 
to 3 arid T is an alkyl chain of 0 to 16 carbon atoms containing one or more hetero 
atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, guanidino, 
acyl guanidino, cyclic derivatives of amidino, guanidino; aminoguanidino, 6 of 6 
membered ring containing at least one basic nitrogen and optionally one or more 
oxygen ;a^ V are 
independently^ one ^ 

■■'riitp^ or V |Snid ^ together form a 6 

membered ring containing at least one basic nitrogen. 

55. A compound of claim 15 where F is is phenylamino optionally 
substituted at any position by 1 to 2 substituents chosen independently from halogen, 
lower alkyl, amino, hydroxy, alkoxy, perhalo lower alkyl, carboxamidq; (GH 2 ) r T where 
r is from 0 to 3 and T is an alkyl chain of 0 to 16 carbon atoms containing one or 
more hetero atoms, N-sulfonylated amino, amidoximo^ NHarninoguahidino; amidino^ 
guanidino, acyl guanidinb, c^lic derivatives <>f ^idinbj gtia 

5 or 6 mdmbered ring containing at least one basic nitrogen a^ or 
more oxygen atoms, arid optionally substituted by CONW where V and V 1 are 
independently an alkyl chain, at least one of which contains one or more basic 
nitrog en atoms and optionally oxygen atoms, or V and V together form a 6 
membered ring containing at least one basic nitrogen- 
SB. A compound of claim 1 5 where D is phenyl and F is phenylamino and 
both are optionally arid independently substituted at any position by 1 to 2 
substituents chosen independently from halogen, lower alkyl, amino, hydroxy, alkoxy, 
perhalo lower alkyl* carboxamido, (GH 2 ) r T where r is from O to 3 and T is an alkyl 
chain of 0 to 16 carbon atoms containing one or more hetero atoms, N-sulfonylated 
amino, amidoximo, N-aminoguanidino, amidino, guanidino, acyl guanidino. cyclic 
derivatives of amidino, guanidino, aminoguanidino, 5 or 6 membered ring containing 
at least one basic nitrogen and optionally one or more oxygen atoms, and optionally 
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substituted by CONW where Vand V are independently an alkyl chain, at least one 
of which contains one or more basic nitrogen atoms and optionally oxygen atoms, or 
V and V together form a 6 membered ring containing at least one basic nitrogen. 

57. A compound of claim 6 where D is phenyl optionally substituted by 
halogen. 

58. A compound of claim 6 where F is phenylamino optionally substituted 
by halogen or (CH^T where r is from 0 to 3 and T is an alkyl chain of Oto 16 carbon 
atoms containing one or more hetero atoms, N-sulfonyiated amino, amidoximOi N- 
aminoguanidino, amidino, guanidino, acyl guanidino, cyclic derivatives of amidino, 
guanidino, aminoguanidino, 5 or 6 membered ring containing at least one basic 
nitrogen and optionally one or more oxygen atoms. 

59. A compound of claim 6 where D is phenyl optionally substituted by 
halogen and F is phenylamino optionally substituted by halogen or (CH^T where r 
is from 0 to 3 and T is an alkyl chain of 0 to 16 carbon atoms containing one or more 
hetero atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, 
guanidino, acyl guanidino, cyclic derivatives of amidino, guanidino, aminoguanidino, 
5 or 6 membered ring containing at least one basic nitrogen and optionally one or 
more oxygen atoms. 

60. A compound of claim 15 where D is phenyl optionally substituted by 
halogen. 

61 . A compound of claim 1 5 where F is phenylamino optionally substituted 
by halogen or (CHJJ where r is from 0 to 3 and T is an alkyl chain of 0 to 1 6 carbon 
atoms containing one or more hetero atoms, N-sulfonylated amino, amidoximo, N- 
aminoguanidino, amidino, guanidino, acyl guanidino, cyclic derivatives of amidino, 
guanidino, aminoguanidino, 5 or 6 membered ring containing at least one basic 
nitrogen and optionally one or more oxygen atoms. 
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62. A compound of claim 1 5 where D is phenyl optionally substituted by 
halogen and F is phenylamino Optionally substituted by halogen or (CH^T where r 
is iTom 0 to 3 and f is an alkyl chain of 0to16 carbon atoms containing one or more 
hetero atoms, N-sulfonylated amino, amjdoximo, N-aminoguanidino* amidino, 
guanklino, acyl guanidino, cyclic derivatives of amidino. guanidino. aminoguanidiho, 
$ or 6 membered ring containing at least one basic nitrogen and optionally one or 
more oxygen atorris. 

63. A iconpbund of claim 6 wh e re D is; pj^hyiv "'^!^i06i^\jof 4- 
fluorophenyl. 

64. ; A compound of claim 15 Where D is phanyl, 4%lorophenyl or 4- 
fludrdphenyl. ; 

65. A compound of claim 58 where r is from 0 to 2 carbon atoms and T is 
one of amino, ^Ikylamino, dialtyamino, guanidino. acyl guanidino, cyclic amidino, 
cyclic guanidino. an alicyclic ring containing at least one basic nitrogen and optionally 
one oxygen atom. 

66 A compound of claim 61 where r is from 0 to 2 carbon atomsand T is 
one of amino, alkylamino. dialkylamino. guanidino, acyl guahidirio, cyclic amidino, 
cyclic guanidino. an alicyclic ring containing at least one basic nitrogen and optionally 
one oxygen atorh. 

67. A compound of claim 6 where D is phenyl. 4-chldfophenyl or 4- 
fluorophenyl arid F is phenylamino optionally substituted by halogen or (CH*) r T 
where r is from Oto 2 carbon atoms and T is one of amino, alkylamino. dialkylamino. 
guanidino. acyl guanidino, cyclic amidino, cyclic guanidino, an alicyclic ring 
containing at least one basic nitrogen and optionally one oxygen atom. 

68. A compound of claim 15 where D is phenyl. 4-chlorophenyl or 4- 
fluorophenyl and F is phenylamino optionally substituted by halogen or (CH 2 ) r T 
where 
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